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During the 19609 and 19708, mrljor innovative science curricula were 
introduced into public schools in the United States, and federal finds were used to 
improve the quality of science teachers. Nevertheless, student achievement in science 
has generally declined since 1963. This research focnsed on changes in four of the 
key variables related to science achievement--teachers, students, curricula, and school 
goals. The research examined (a) meta-analyses of the effectiveness of the innovative 
science curricula on student achievement, (b) research on changes in teacher and 
student cbaracterlstics during the last 30 years, (c) educational literature on changes 
in the goals of public education during this same period, and (d) changes in student 
achievement. 
The results of this research suggest that the recent declines in science 
achievement are related to changes in student motivation, school goals, and school 
autonomy. The data indicate that contrary to the claims of some recent education 
commission reports, teachers and curricula have improved steadily over the last 
three decades. The conclusions developed fkom this research suggest that a number 
of the current educational reforms such as teacher competency testing, merit pay, 
curricular reform, student competency testing, and year-round schools should have 
little positive e f f d  on student achievement. The research also suggests that parental 
and teacher empowerment could significantly improve student science achievement. 
involvement in education could have a negative influence on science achievement. 
The findings do su~pest hat scho~ls d choice, corporate ednathal  partnerships, 
To my wife Rosemary for her love and support 
Ver jam appetet 
To Dr. Namette Mcbin 
An anonymous Soviet poet mt.~ 
While yet then is time 
Look out upon the world; devour it with your eyes 
And, if your spirit demands more 
add at least one stone to the edifice being built 
So that when you are gone everyone will know 
that where you once were a great emptiness now yawns. 
Thank you for adding this small stone. Without your unening guidance and 
untiring patience, this dissertation would still be an intention. And thank you fm 
your mnderfbl sense of humor. It helped to make this effbrt ihn. 
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INTRODUCTION 
Following World War 11, the United States was thrust into the age of 
techrtology. Scientific discoveries and technological advances stimulated by the war 
effort, as well as the transition to a peace-time economy, created a demand for new 
goods and services. Within the span of a few years, Americans were introduced to 
television, jet planes, and a whole assortment of labor-saving devices. Within the 
American home, scrub tubs were replaced by washing machines, clothes lines yielded 
to electric dryers, and coal bins disappeared as they were replaced by oil tanks. 
During this same period, the Korean War and the "Cold War" demonstrated 
the importance of developing new military technology to keep the world "safe for 
democracy." Americans came to believe that technological innovation was essential 
to keep ahead of the Soviets. 
The country was enamored with science and technology. After all it had 
helped to win the war, made the United States the dominant world leader, and 
promised to eliminate world hunger and pove*. Science and technology held the 
promise of offering a standard of living undreamed of by previous generations. The 
American public came to believe that today's dreams were tomorrow's inventions. 
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And why not? Submarines and rockets, the fare of earlier fiction writers, were the 
reality of the mid-1900s. 
The combination of the peace-time economy, the military threat, and the 
Arne* lwe affair with science and technology created a sudden demand for 
scientific talent-a demand that public schooIs could not meet. The last element in 
this chain of events leading to a major reform of science education in the United 
States was the launching of Sputnik in 1957. The idea that the Soviet Union could 
threaten our national security from space, as well as the national embarrassment that 
their German scientists were better than ours, p r e d  the United States into a 
national race for space. 
The reform of science education had begun during the early years of the 
Eisenhower administration. However, when Sputnik was launched, more funds were 
dedicated to public elementary and secondary education. Federal funds were used 
to provide science teachers with additional training. Between 1959 and 1972, the 
National Science Foundation (NSF), a federal agency established by Congress in 
1950, allocated approximately two-thirds of its budget for the creation of inwvative 
den- curricula in grades 7 to 12 (Weinstein, Boulanger, 8i Walberg, 1982). The 
educational reforms led to new methods of instruction and major innovative science 
curricula were introduced into public schools in the United States during the 1 
and 1970s. 
NmrthtIess, in spite of the massive educational funding effort, student 
achievement and intereat in science generally declined between 1%3 aad 1SISO. The 
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report High SchoK,l and Beyond: A National Longitudinal SCudy for the 1980s (1985) 
began as f ~ 1 1 m :  
Over the last 20 years, the United States has witnessed a widespread 
decline in the quality of education. This decline has been especially 
pronounced with respect to mathematics and science, as evidenced by 
lowered enrollments and achievement scores, a diminishing teacher 
pool and increased numbers of students on a general education track. 
(p. xiii) 
During the 1980s, a national concern for declining student achievement led to 
nationwide educational reforms. Despite these reforms, national and international 
indicators of science and mathematics performance of students in the United States 
still showed little improvement (National Science Board, 1990). 
This research investigated the effects of changes in the focus of educational 
reforms, societal changes, and changes in the American family on teacher quality, 
cumcula, student characteristics, and school goals. The research then investigated 
which of these factors--curricula, teacher quality, student characteristics, or school 
goals--were most closely linked to changes in student achievement in science between 
1957 and 1990. Based upon these findings, some implications for public Cpxlucation 
are discussed. The report also discusses the expected effectiveness of some of the 
recent educational reform proposals. Finally, some recommendations are proposed 
for educational reforms that could possibly improve student achievement. 
The launching of Sputnik in 1957 jolted the American public into a willingness 
to provide federal funding for educational reforms to train skilled scientists and 
e The 
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results of these r d o m  were soon evident. By 1963 the Scholastic 
Aptitude Test Mathematics scores (SAT-Ms) reached their highest level, and in 1%9 
the United States placed men on the moon. 
Yet, in the 1970s sharp declines in science achievement, which were part of 
a broader pattern of decline in werall achievement levels, led educators to once 
again voice concerns about the quality of public education in the United States. By 
1980 these concerns were replaced by wamings of a crisis in education (Yager, 1980); 
and in 1983 the condition of the nation's public schools became a national concern 
when the National Cominission on Excellence in Education released the report, A 
Nation at Rirk lk Impeathe for Rcfonn, A R e v  to the Nation. 
The report declared that schools were failing in their efforts to educate 
students. Aceording to the report, 'We are raising a new generation of Americans 
that is scientifically and technolo@cdly illiterate!' @. 10) The widely published report 
instigated a national effort to reform public education. This effort, however, was not 
the first, but the fourth, national effort begun within 30 years to reform public 
education in the United States. 
A series of reports including A P k e  Called School (1984), Edwuting 
Amen'cam for the 21st Centwy: A Plan of Am08 for Improvirtg M o t h k t  Science1 
and TechmIqgy Education for all Amen'can Elementary and S ' h l y  Students so that 
their Achievement is the Best in the World by 1995 (1983), H&h School (1983) TIM 
P a W  h p w a l  (1982), and Horace's Co?rym&e (1984) confhned the fears of 
eduatars and the public that public schools were not pTOViding qulity education, 
especially in science and mathematics. Appendix B contains a listing of major 
educational reports on the state of public education between 1975 and 1990. 
More recent studies have questioned the science ability of American students 
compared with students in other countries. Six countries-Canada, Ireland, Korea, 
the United Kingdom, the United States, and Spain-participated in the International 
Assessment of Educational Progress (1989). In this study, selected questions from the 
1986 National Assessment of Educational Progress test were used to test 13-year-olds' 
science and mathematics achievement. On this test, students in the United States 
performed poorly, ranking behind students in Spain, Canada, the United Kingdom, 
arid Korea. 
Recent surveys indicate that the crisis in science education is twofold--not only 
do American students rank poorly in science achievement compared to their peers 
in other countries, but also American students are not interested in choosing careers 
in science and engineering. According to the National Science Board report, Science 
and Engineering Indicuto~s--1989, 20% of United States graduates received science 
and engineering degrees in 1986, compared to 27% in Japan and 34% in West 
Germany, 40% in the United Kingdom, and 48% in France. Tifft (1989) reported 
that in 1988, one third of all United States Ph.D.s in natural science and engineering 
were earned by foreign students, that less than 1% of college freshmen reported that 
they intended to major in either mathematics or physics, and that, by the year 2000, 
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the United States will face shortages of between 450,000 and 750,000 scientists and 
Recent studies, such as the National Science Board report, Educating 
A h a w  fw the 2Ist Century; the 1984 National Academy of Science report, High 
. 
School and rhe Changing W w c e :  % Employerr's View; and the 1983 Education 
Commission of the States report, Action fw Excellence: Tmk F m e  on Education for 
E c o d  Gmwth point out the serious problems faced by public schools. 
Sipniflcance of the ceDeclin~ in Science Achievement 
- - - .  
- . I -  L ' -  --.:-7f. J:'<.~A 8 ,r +-----I - 25;. (. 8 7 - -J - -, - 8 ; -  - 
,? . -- . ,-jfl Ii{A- -+<- I .  ? .- -&&.<:;/24< c:?i*:&&&&$a . &&TI '? - +kp3:* * lLYI 
Today's world economy is driven by t e c ~ 0 1 ~ c a l  innovation, and thuse 
countries with the best scientists and engineers will most likely control this economy 
(Welboro, 1984, Altbach, 1985). The National Center for Education Statistics 1989 
report, Education Iiadk~ttors, opens: 
Since the early 19809, the country has become increasingly aware of the 
range of critical issues facing its schools. These issues are nationwide 
and include problems of declining academic perfarm==, concern 
about teacher qdc8tions and availability, and use of drugs and 
vio1ence in the schools. The issues have serious implications, not only 
for eEkctive operation of the schools, but for the future of individual 
workers, U.S. economic competitiveness, and ultimately for the 
structure and cohesiveness of American society. (p. 3) 
The economic competitiveness of the United States has been challenged by 
foreign nations. According to Dentzer (1% in the last 20 years the percentage of 
American-produd home electronics purchased in the United States has dropped 
&om nearly 10096 to a mere 5%. Japan threatens to monopolize the production of 
advanced computer chips and is a world leader in robotics. As of 1986 the United 
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States was replaced by Japan as the leading errporter of high-tecnnoiogy products 
( N a M  Skkzct Bead, 1989). Korea has constructed state-of-the-art computer- 
driven steel mills that turn out higher quality, cheaper steel than can be produced in 
American mills. German manufacturers continue to capture increasingly larger 
shares of the high technology American market. 
Unless American schools improve the quality of science education and 
increase the numbers of scientists and engneers, European and Asian countries may 
continue to increase their share of world economic markets at the expense of the 
United States. At the present time, projected shortages of trained scientists and 
engineers by the year 2000 could threaten not only the nation's economy but also our 
national security (A Nation at Risk, 1983; Weiss, 1985). 
In the 1990s and beyond, not only must the United States produce highly 
trained scientists and engineers, but also blue- and white-collar workers who 
understand the principles of science. In a US. News & WORLD REPORT article 
(Dentzer, 1990), Robert Reich, who teaches public policy at Harvard, said, "I've 
heard officials of foreign firms say, 'Don't quote me, but we have to simplify our 
machinery and dumb down our training and orientation programs for workers in the 
I 
US." I)entzer added: 
New production techniques require decision making by even the 
lowliest worker, while modem quality control demands a knowledge of 
statistics common among Japanese high-school graduates but rare 
among many U.S. college students. (p. 26) 
It is wt enough, however, for the United States to develop skiued scieritists 
and engin- and scientific@ educated workers in the United States. Our 
8 
continued ewnomic and mcldil gronth depends upon public science literacy (Narional 
S c k  Bwni, 1989; Lapointe, Mead, & Phillips, 1989). Only a scientifically 
competent citizenry can make responsible decisbm on issues related to nuclear 
energy, global warming, extinction of species, and acid rain, as well as ethical 
qutxtiom surrounding certain medical advances in genetics and the prolongation of 
life. 
The Lack of Consebsns 
There is no consensus on the nature of or the solution to the current 
educational problems. The various groups of educational reformers have been 
unable to identi@ a common set of factors related to the declines in science 
achievement. For example, Tifft (1989) reported that the solution to the current 
educational problems is to increase funding dramatically and to improve science 
teaching methods. National educational reports such as Action for ExceUmce: T~ak 
Fme on Ekatiorr for E c o m ' c  Gmwth (19831, A Nation at Risk (1983), and Making 
the G&: Report of the lktenrieh Century Fund Task Fume on FFederel Ekmttary 
and Secondary Education Poky (1983) by the Twentieth Century Fund assert that 
teacher salaries are the key to teacher performance and therefore to student 
achievement. 
According to many of these reports, by attaching salary incentives to teaching 
performance, teachers will strive to excel in their teaching. Kelly (1985) sums up the 
rationale behind higher salaries and merit pay, stating that "more intelligent 
9 
individuals will be attracted to the profession, and the problem of excellence will 
thereby be resolved." 
Other educational critics claim that the solution invokes greater emphasis on 
teaching higher order thinking skills, especially critical thinking, in place of 
memorization (Arter, 1987; Elman & Lynton, 1985). Still others, such as United 
States Secretary of Energy James D. Watkins and American Federation of Teachers 
President Albert Shanker, argue that funding is not the issue. Instead, they claim that 
t better curricula are needed and that teachers and teacher organizations know what 
curriculum is most effective (Tifft, 1989). In contrast, the report, A Nation at Risk 
(1983) cited teacher incompetence. According to the report, half of the nation's 
science teachers were not qualified to teach their subjects. 
Altbach (1985) offers a very different explanation of the current crisis in 
education. Altbach argues 'Thus, the crisis in education is caused directly by social 
policy and public opinion!' (p. 15) 
The variety and range of proposed solutions have grown as the inability of 
schools to restore science achievement has become more evident. More modest 
reforms include longer school days, an increased school year, testing of students and 
teachers, and increased graduation requirements, which include more cowses in 
mathematics and science. More extreme solutions include year-round schooling, 
r 
C magnet schools, and schools of choice, as well as proposals to completely restructure 
i 
i' schooIs (Sizer, 1983; Chubb 8i Moe, 1990). One recent experiment has turned over 
! 
I 
c the control of public schools in Chicago to local citizen committees (Tifft, 1990). 
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The Nsd fbr A n m n  
One of the effects of the declines in student achievement in the 1960s and 
1970s was that schools and teachers came to be viewed by the public and legislators 
as the likely c a w  of the problem. Consequently, many of the educational reforms 
have been directed at teachers. 
But what if the declines in student achievement in science are not related to 
changes in teacher quality? Some reports have cited changes in the attitudes, 
motivation, and behavior of students as a cause of the decline in science achievement 
(Lapointe, Mead, & Phillips, 1989; k e g i e  Foundation for the Advancement of 
Teaching, 1990)). Other reports (Applebee, Langer, & Mullis, 1989) have stressed 
the need to redefine school goals. 
All parties involved in education--teachers, adrhistratoq parents, schml 
boards, and state and federal gwernments--need to understand the causes for the 
current crisis in science education in order to hnd solutions (Kavale, 1988). The 
proposed educational solutions vary greatly depending upon which of these factors 
is perceived as being the cause of the declines in science achievement. Unless the 
principal factors responsible for declining science achievement are isolated, time, 
effort, and large amounts of money may be wasted trying to implement illusionary 
solutions. But more importantly, the nation is at a critical juncture, and the road 
11 
taken into the next century will depend upon the quality of our science programs in 
public schools. 
Focus of Research 
There is an unanswered question concerning educational reform and science 
v - = 4 w*yy%;*&*G$ 
r,*%-n,d* -- 
achievement. Why is it that tougher standards for teachers and students, longer 
school days, a longer school year, and more science and mathematics courses 
required for graduation have not produced the expected gains in science 
achievement? How is it that competency testing, compensatory education, innovative 
science curricula and instructional strategies, computer-based instruction, and 
increased funding for schools have not enabled students in the United States to do 
well in international tests of science achievement? 
This research report describes possible causes of the declines in student 
science achievement between 1963 and 1990. The delineation of causes provides a 
framework for developing a hypothesis as to why the nationwide educational reforms 
of the 19808 produced only small gains in science achievement. 
Since student science achievement is, to a great extent, the product of the 
interaction between the student, the teacher, cumcula, and school goals, this research 
focused on changes in these four variables over the last three decades. Implications 
of the findings for educators and policy makers, as well as some proposed solutions 
to improve student science achievement are presented. 
CHAPTER 2 
- - -SEARCH APPROACH 
- The bit proposition of this research is that student achievement in science 
is primarily determined bv four factors--the teacher, the student, the curriculum, and 
* 
the schooI goals (Figure 1). In this research, cuniculm is defined to be what is 
taught and what is intended to be leamed, as well as methods of instruction, 
instructional technology, and teaching aids. 
t 
CURR I CULUM 
C 
TEACHERS - STUDENTS 
SCHOOL GOALS 
Figure l+eterminants of Science Achievement 
Research Premise 
The premise of this research is that changes in curricula, teachers, students, 
or school goals must be related to the changes in student achievement after 1%3. 
The research examines hoar changes in these variables could be related to the 
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declines in student achievement in science after 1%3 and the modest recovery in 
student science achievement during the 19808. By examining changes in each of these 
factors between 1957 and 1990, it should be possible to identify which of these four 
factors is most closely linked to the observed changes in student achievement in 
science. 
If we assume, for example, that during the last 30 years all of the factors 
except teacher characteristics were nearly unchanged, then the changes in science 
achievement must be related to changes in teacher characteristics. Similarly, if all the 
factors were unchanged except the curricula, then the innovative curricula of this 
period should be associated with the changes in science achievement. 
Research Approach 
The research approach was to (a) analyze trends in student achievemenr m 
science between 1957 and 1990, (b) describe and evaluate the cumcula changes 
during this period, (c) describe changes in teacher and student characteristics, 
changes in requirements for teachers and students, and changes in school gods that 
relate to changes in science achievement; (d) relate changes in each of these factors 
to changes in student science achievement and to societal changes; (e) discuss 
implications of the findings for national educational reforms and for public education; 
14 
and (9 suggest some proposals that could be expected to irnprwe science 
achievement. 
Chapter Outline 
Trends in student achievement in science between 1957 and 1990 are 
described in Chapter 3. This chapter includes the results of the National Assessment 
of Educational Progress on student science achievement, as well as the results of 
international studies of science achievement. 
Chapter 3 also descnhs the SAT-M trend wer the last three decades. The 
predictive validity of the SAT-M for various groups of students in engineering and 
science is well documented (The College Board Technical Handbook, 1984). In a 
recent, yet unpublished, study by the Educational Testing Service (ETS), student 
achievement in a total of 810 courses in the physical sciences and biology at 35 
colleges was examined. The correlation between science achievement and SAT-M 
score was found to be between 0.5-0.6, which makes the SAT-M as good a predictor 
of science achievement as the high scImo;oI, grade point average (J. Braswell, 
Educational Testing service, personal communication, July 9, 1990). 
The SAT-M was selected instead of the SAT Science Achievement Tests, 
because only a small percentage of the students, who take the SAT-M also take 
Achievement tests (18% in 1990). Furthermore the percentage of students taking 
individual science tests is even smaller. For example, in 1990 less than 4% of the 
students taking the SAT also took the Biology Achievement test. Slightly less than 
3% took the Chemistry Achievement test; and less than 2% took the Physics 
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Achievemint test (College Entrance Examination Board, 1990). A second reason for 
not using the Achievement tests is that the students taking these tests are not 
representative of the test takers as a whole. For example, in 1990 the students who 
took the Achievement tests had an average SAT-M of 585, nearly 100 points higher 
than the werall student mean. 
Curricula changes in public schools since 1957 are discussed in Chapter 4. In 
this chapter, the major innovative curricula and instructional strategies are described 
and evaluated. 
In chapter 5, changes in teacher and student characteristics are examined and 
evaluated. Chapter 6 relates changes in curricula, teachers, students, and school goals 
to major societal changes that have influenced public schools since 1957. The chapter 
also discusses the increasing involvement of the Federal Government in education, 
the effects of the major social movements, and some changes in the American family 
that have influenced public education. 
The changes in science achievement, which were descn'bed in Chapter 3, are 
re-examined in Chapter 7 within the context of the sweeping changes in the American 
I 
1 




c is presented to explain the changes in science achievement. This hypothesis relates 
3, 
'I 
changes in science achievement since 1957 to changes in school goals and student 
characteristics. 
B d  on the analysis and discussions presented in Chapters 3 to 7, 
k implications for ~ h m l s  and policy makers are presented in Chapter 8. The chapter 
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disc-8 the expected effectiveness of some of the major educational reforms based 
upon the findioOI of this research. The chapter concIudes with a some proposals for 
raising student science achievement, as well as some conclusions about the state of 
public education in the United States. 
Met8-mdytka1 Research on Science Achievement 
The traditional method for reporting the collective results of studies in 
education has been narrative reviews. Narrative reviews, however, are qualitative, 
tend to be subjective (Light & Pillemer, 1982), and do not have systematic 
procedures for integrating studies and forming conclusions across studies (Cooper & 
Rosenthal, 1980; Light & Smith, 1971). Consequently, narrative reviews are 
vulnerable to reviewer bias (Slavin, 1984) and seldom are able to dwebp general 
concIwions fkom the studies (Hedges & Olkin, 1985). 
In the last decade, meta-analysis has become a frequently used statistical 
method to combine the results of studies. The term meta-analysis, or analysis of 
amdyws, was first introduced into the literature by Glass (19761, who defined it as 
"the statistical analysis of a large collection of analysis results from individual studies 
for the purpose of integrating the findings." (pa 3) Meta-analysis is a method for 
integrating r e v i m  to form generalizations from a collection of studies (Bangert- 
D r m s ,  1986). 
The meta-analytic method is particularly well suited for this study because the 
research on the effect of the innavative science curricula and instructional 
meth&1o&s is so extensive. Because so many studies have been conducted on this 
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topic in recent decades, the task of integrating these findings is enormous and would 
be beyond the capability of any individual researcher. Fortunately, dduring the last 15 
years a number of meta-analyses have focused on these topics. 
For example, the Science Meta-Analysis Project (Anderson, Kahl, Glass, & 
Smith, 1983) was a multi-university effort that examined broad questions concerning 
science education. In the same year, Wilson (1983) did a meta-analysis of the 
relationship between science attitude and science achievement. Becker (1989) and 
Lynch and Paterson (1980) used meta-analysis to investigate gender differences in 
pre-college science achievement. In 1985 Tamir reported a meta-analysis on 
cognitive preferences in learning. The results of meta-analyses such as these were 
used to evaluate the effectiveness of the innovative science curricula and instructional 
methods on student achievement in science. 
Research Rationale 
A historical analytic approach was selected for this dissertation principally 
because this approach is the most appropriate technique for tracing social changes 
wer time and for comparing these changes across cultures (Babbie, 1986, Bybee, 
1982). However, there was another reason. The social sciences in general and 
education research in particular have been criticized for the proliferation of unrelated 
experimental studies that have added little to the overall theoretical body of 
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howledge. This view was s-d by Hunter, Schmidt, and Jackson (1982) who 
said: 
"At one time in the history of psychology and the wia l  sciences, the 
pressing need was for more empirid studies examining the probkm 
in question. In many areas of research, the need today is not 
additional empirical data but some means of making sense out of the 
vast amounts of data that have accumulated" @. 26) 
On the same topic, Glass, McGaw, and Smith (1981) added: 
"The house of social science research is sadly dilapidated. It is strewn 
among the scree of a hundred journals and lies about in the unsightly 
rubble of a million dissertations. Even if it cannot be built into a 
science, the rubble ought to be sifted and culled for whatever 
consistency there is in it." (p. 11) 
This author preferred to sift, rather than to add to the scree. 
Research limitations 
Historical research has certain limitations. One limitation is the inability to 
confirm that one factor causes another to change. In this research in particular, 
although certain changes can be associated with declining student science 
achievement, no proof of effect can be empirically established. Certainly, alternative 
interpretations of the data can be made, and the existence of intervening variables 
cannot be ruled out. 
A second limitation of the study is personal values or biases that can innuace 
selection and interpretation of historical sources (Bor& 1989; Longman, 1983). While 
this threat to v W t y  applies to my type of research, it is particularly important in 
hbtanical r e ~ l e ~ h .  In this type of research, a researcher's bias may unintentionally 
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skew the selection and interpretation of research, tending to favor those studies that 
support the r ~ ~ c h .  Although the author attempted to be objective, the reader is 
cautioned that personal biases of the author inevitably may influence both the 
selection and the interpretation of the data. 
Certain terms have been defined for use in this research. These terms are: 
Cuniculum. what is taught and what is intended to be learned, as well as 
methods of instruction, instructional technology, and teaching aids. 
Invulvement: federal legislation, court rulings, funding restrictions, and 
administrative guidelines pertaining to public education. 
Sckod gwls: the long-range, school outcomes as determined by the school 
district (Posner 8t Rudnitsky, 1986; Zais, 1976). School goals are the guiding 
princip1es, which help to set the tone for the classroom learning climate. 
Skktal factom: federal and state involvement in public education, societal 
muvements, and changes the American family and community that altered s c h d  
gads in public schmls. 
CHAPTER 3 
TRENDS IN SCIENCE ACHIEVEMENT 
The 1985 report, High School and Beyond: A National Longitudinal Study for 
the 198U!s (West, Miller,& Diodato, 1985), opened: 
Over the last 20 years, the United States has witnessed a widespread 
decline in the quality of education. This decline has been especially 
pronounced with respect to mathematics and science, as evidenced by 
lowered enrollments and achievement scores, a diminishing teacher 
pooh and increased numbers of students on a general education track. 
(p. xiii) 
The state of science education in public schools had been summarized 
previously in A Nation at Risk (1983), which reported that the "average achiewement 
of high school students on most standardized tests was lower in 1983 than in 1957 
when Sputnik was launched." Thus, the science dilemma was twofold: students in the 
United States were lacking both in aptitude and interest in science. 
The declines in science achievement resulted in widespread education reforms 
in the 1980s. Hawever, as this chapter shows, the reforms did not produce the 
expected gains in science achievement scores. According to the National Science 
Board (1989), "National and international indicators of U.S. school mathematics and 
science perfomance show little improvement, despite continuing major reform 
efforts." (p. 2) The'Board reported that fewer college freshmen were selecting 
majors in science or engineering and that the rate of increase of enroIlment in 
graduate science or engineering pro~pams was slowing. At the same time, the 
percentage of foreign students receiving Ph.D.s in science and engineering at 
American universities continued to increase, while the percentage of native United 
States students decreased. 
In this chapter, trends in science achievement are documented by examining 
the results of national assessments of science achievement and international tests of 
science achievement, as well as trends in the SAT-M. 
National Tests of Science Achievement 
The National Assessment for Educational Progress (NAEP) measured the 
science achievement of 13- and 17-year-old American students in 1970, 1973, 1977, 
1982, and 1986. These results for 13-year-olds and 17-year-olds are shown 
respectively in Tables 1 and 2. 
As shown in Table 1, the overall student science scores for 13-year-olds 
declined by 7 points between 1970 and 1977. The scores then increased from a low 
point of 247 in 1977, reaching 251 in 1986. Despite these modest gains, the 1986 
scores for 13-year-olds were still lower than in 1970. These trends are shown in 
Figure 2. As the figure shows, males consistently outscored females on the test. This 
phenomenon was consistent with trends found on the SAT-M (Figure 12). 
TABLE 1 




NAEP ASSESSMENT OF SCIENCE PROFICIENCY FOR 17-YEAR-OLDS: 
1970-1986 
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The trend was similar for 17-year-olds, including the gap between male and 
femak scores (Figure 3). In this age group, achievement scores declined by 21 points 
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h scores for the 13-year-olds, the gains for 17-year-olds did not offset the previous 
L 
declines, so that the 1986 student scores were still 16 points lower than in 1970. 
When the achievement scores were broken down by racial group (Figure 4 and 
Figure S), several interesting differences became apparent. Between 1970 and 1986, 
the achievement scores of 13-year-old White students declined by 4 points. The 
decline was much more severe for 17-year-old White students, dropping 14 points. 
In contrast, achievement scores for 13-year-old Black students rose nearly 7 points 
between 1970 and 1986. For 17-year-old Black students, scores declined, but only by 
5 points during the same period. The trends indicate that the test score declines 
were greater for White students than for Black students. 
The different trends for Black students in comparison to White students were 
even more apparent between 1977 and 1986--the eras of the "Back-to-Basics" and 
"Exce11enlenccW educational reforms. (The "Excellence" reforms [19$3-] were in response 
to the repart, A Nation at Risk, 1983). During this time, achievement mres  for 13- 
year-old Black students rose nearly 14 points; for 17-year-old Black students by nearly 
18 points. In comparison, achievement scores for 13-year-old White students rose 
only 3 points during the same period, while scores for 17-year-okts remained nearly 
unchanged. It would appear that the educational refoms during the 19709 and 19809 
may have been more beneficial for Black students than for White students. 
The trends for 13-year-old Hispanic students were similar to the trends for 13- 
year-old Black students, with achievement scores for 13-year-old Hispanic students 
hacasing by nearly 13 paints between 1977 and 1%. However, gains made by 13- 




years-olds were not shared by 17-yearsld Hispanic students. During this same nine- 
year period, achievement scores for 17-year-old Hispanic students fell 3 points. 
From this data, it would appear that the t'13ack-to-Basics" and "Excellence" 
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Figure 5. NAEP Scores for 17-Year-Olds (By Race/Ethnicity) 
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scientific principles and information. Table 3 s h m  the percentage of students able 
to perform at each of these five levels. 
The 1986 overall score gains caused further concern on the part of the 
education community because the imprwement occurred in the lower skill categories. 
Both 13-year-old and 17-year-old students were less able to analyze and to integrate 
scientific information in 1986 than in 1977. Furthermore, 17-year-old students were 
less able to understand and to appJy scientific principles in 1986 compared to 1977. 
As Table 3 shows, achievement scores for 17-year-olds were lower for all the higher 
skill levels in 1986 than in 1977. The results for 13-year-olds were slightly more 
encouraging. In addition to showing improvement in basic scientific knowledge, 13- 
year-olds showed gains in level 200 and level 250 skills. 
Nevertheless, despite a decade of educational reforms that specificaUy 
emphasized higher order thinking skills, such as the analysis and integration of 
information and the development of critical thinking skills, student scores in higher 
level thinking skills were lower in 1986 than in 1977 for both age groups. In the 1986 
NAEP test, only 75% of the 17-year-old students were able to "integrate specialized 
science information, infer relationships, and draw conclusions using knowledge from 
the physical sciences and applying principles of genetics." ( ~ u t i o n  i dicatovs, 1989). 
TABLE 3 
PERCENTAGE OF 13- and 17-YEAR-OLD STUDENTS AT OR ABOVE THE 
FM3 SCIENCE LEVELS 
SKILL LEVEL 
Level 150 
Knows everyday science facts 
Level 200 
Understands simple scientific 
principles 
Level 250 
Apply basic scientific 
information 
Level 300 
Analyze scientific procedures 
and data 
Level 350 
Integrates specialized scientific 
information 

















































International Tests of Science Achievement 
The declines in student knee achievement were not co&ned to the National 
Assessments of Educational Progress. Tko international tests of science achievement 
were conducted in 1986 and 1988. The first assessment was Science Achievement in 
Seventeen Countries, conducted by the International Association for the Evaluation 
of Educational Achievement (IEA). This science assessment tested students in grades 
4 or 5 (age lo), grades 8 or 9 (age 14), and grade 12 (if emoued in science). 
The second assessment was 79w Intemutio1~12 Assessment of Edtdcational 
Ptr,gra (IAEP), conducted by the Educational Testing Service. The IAEP tested 13- 
yem-olds in six countries. 
Science Achievement in Seventeen Countries 
In this study, 14-year-old United States students were outscored by students 
in Hungary, Japan, Netherlands, Canada, Finland, Sweden, South Korea, Poland, 
Norway, Australia, England, and Italy (Figure 6). The students in the United States 
were tied with students in Singapore and Thailand. Only students in Hong Kong and 
the Philippines scored lower than students in the United States. 
Achievement scores were also determined for grade 12 students who were 
taking biology, chemistry, or physics. In t k s e  tests, students in Hong Kong and the 
United Kingdom scored the highest. Students in the United States ranked last in 
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Figure 6. 1983-86 Science Test Scores for 14-Year-Olds In Selected Countries 
biology, ahead only of Canada and Finland in chemistry, and fifth from last in physics 
(Figures 7, 8, and 9). 
International Assessment of Educational Progress (IAEP) 
In 1988, the IAEP conducted science and mathematics assessments in five 
countries and 4 Canadian provinces. The project evaluated 13-year-old students in 
4 
Figure 7. 1988 IEA Biology Assessment 
r 
the United States, Canada, Korea, the United Kingdom, Spain, and Ireland. In each 
country and province, students were randomly selected. A total of 24,000 students 
were tested. The 45-minute test consisted of 63 questions in mathematics and 60 
questions in science. The questions were selected from the 1986 NAEP assessment. 
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Figure 8. 1988 TEA Chemistry Assessment 
The scoring scale ranged &om 0 to 1000 with a mean of 500 and a standard deviation 
of 100. The results of this international assessment are shawn in Figure 10. 
According to IAEP tests, students in the United States were outscored by 
students in Korea, the United Kingdom, Canada, and Spain. Only students in Ireland 
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Figure 9. 1988 IEA Physics Assessment 
scored lower than students in the United States in science proficiency. 
Some of the highlights of the findings were that 72% of the 13-year-OM 
students in British Columbia and 73% of Korean students could analyze experiments, 
compared to only 42% of American students. Similarly, 31% of students in British 
I 
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Figure 10. 1988 Science Proficiency at Age 13 In Selected Countries 
Columbia and 33% of Korean students were able to apply intermediate scientific 
principles, but only 12% of students in the United States had this capability. The 
lAEP test results were consistent with the NAEP findings. Both tests indicated that 
student science achievement in the United States had worsened since the 196th. 
Scholastic Aptitude Mathematics Test (SAT-M) 
The SAT-M is strongly correlated with d e g e  achievement in science and 
engineering. J. Braswell (prsonal communication, April 3,1990), a senior examiner 
at the Educational Testing Service reported the results of a yet to be published study 
of 810 physics and biology courses in 35 colleges. The study found that the 
correlation between the SAT-M average and success in the science courses was 
between 0.5-0.6, which is equal to the predictive validity of the high school record as 
a predictor of success in science. 
An advantage in including the SAT-M in the analysis of science achievement 
trends is that this test is administered annually to a large segment of college bound 
students. Therefore, the SAT-M provides a more detailed and extensive picture of 
trends in student science achievement than the national and international science 
aSSe5sments. 
There are two important cautions that must be considered in interpreting the 
trends in the overall (aggregate) SAT-M scores1 (College Entrance Examination 
Board, 1990). First, the aggregate SAT-M scores are influenced by gender, 
racidethic background, socio-economic status, and educational preparation. 
Therefore, changes in aggregate SAT-M mres  over time can be related to changes 
in any of these factors-not just to changes in educational preparation. Also, it must 
'~ggregated scores are 
racial/ethnic background, or 




be remembered that the relatiomhip between some of these factors may only be 
amciathnd-not necessarily causal. 
The second limitation on interpreting trends is that the subjects for the SAT-M 
are "self-selected" and not a random sample high school student population. From 
state to state, and to a lesser extent from year to year, the percentage of students 
taking the SAT-M varies. According to the College Entrance Examination Board 
(1990), the percentage of minority students taking the SATs has steadily increased 
from 11% in 1973 to 27% in 1990, while the percentage of White students taking the 
test has declined from 87% in 1973 to 73% in 1990. In 1990, the SAT test-taking 
population was 73% White, 10% Black, 8% Asian-American, 6% Hispanic, 2% other 
and 1% American Indian (College Entrance Examination Board, 1990). 
Since 1976 the College Board has broken down test scores according to 
demographics. By e w g  trends of various racial groups, ''useful comparisons 
over time can be made among subgroups of the test-taldng population" (College 
Entrance Eramination Board, 1990). 
The scoring trends in SAT-M have nearly paralleled the trends in the national 
and international tests of student science achievement. The trends in student 
performance on the SAT-M are shown in Figure 11. A listing of average SAT-M 
scores, both aggregate and broken dawn by gender and racial or ethnic group, are 
contained in Appendix A. 
Keeping the caveats in mind, let us now examine the SAT-M trends. Between 
1952 and 1963, the SAT-M scores rose from 494 to 502. During the following 18 
Figure 11. Aggregate SAT-M Scores: 1952-1990 








of 466 in 1981, with average SAT-M scores dropping nearly 40 points. The sharpest 
drop in scores occumd between 1971 and 1975, when the SAT-M scores fell 10 
460 
450 
points Fram 1981 to 1985 the SAT-M scores climbed steadih/ from 466 to 475. 
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Hawever, since 1985, the m e  has been nearly flat with SAT-M scores increasing by 
only one point. As a the figure shows, the recovery during the 1980s was not 
sufficient to erase the earlier declines. In 1990 the aggregate SAT-M score of 476 
was still 26 points lower than in 1963. The 1990 aggregate score was 12 points lower 
than in 1970. 
Since 1967, when SAT-M scores were first broken down by gender, the scores 
for males and females have exhibited the same general trend (Figure 12). The 
absolute difference between male and female scores tended to remain nearly 
constant. In addition both male and female scores followed a general pattern of 
decline from 1%6 to 1979. Between 1981 and 1990 female scores generally 
improved. Scores for males, however, peaked in 1986. Between 1986 and 1990, 
scores for males were generally unchanged. 
The SAT-M trends for different raciwethnic groups (Figure 13) were 
markedly different from the aggregate score trend (Figure 11). As the table shows, 
scores for Asian students rose since 1981, reaching 528 in 1990. The Asian students 
are the only racidethnic group of students who have exceeded the overall 1963 SAT- 
M scores, 
SAT-M scores for White students declined between 1976 and 1979, and then 
increased between 1980 and 1987. However, the recovery was not sufficient to reach 
the 1976 level. SAT-M scores for White students in 1990 were still 2 points lower 
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Figure 12. SAT-M Scores Broken Down by Gender 
In sharp contras4 the scores of Black students rose steadily born 1976 to 1990. 
The 31-point gain by Black students far exceeded that of any other groups. Even 
though the aehkwrntnt levels for Black studen& were still siwar'ltly lower than 















for other student groups (Figure 13). The SAT-M average for Hispanic students 
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for Hispanic students declined sharply in 1987 but recovered somewhat, reaching a 
level of 405 in 1% which was the same as in 1984. 
The scores for American-Indian students exhibited a plateau effect. Between 
1976 and 1979, their SAT-M scores remained relatively constant at about 420. The 
scores then increased to 426 in 1980 and remained at about this level until 1985. In 
1987 the scores rose to 432. In 1990 the SAT-M scores for American Indians 
reached their highest level-437. This score was 17 points higher than in 1976. The 
overall scoring trend for Indian students was similar to the trends for Asian- 
American, Mexican-American, Puerto Rican, and Black students. For each of these 
groups, their average score was higher in 1990 than in 1976. Only the scores of 
White students were lower in 1990 than in 1976. 
Table 4 lists the correlations between the 1976 and 1989 SAT-M scores. As 
the table shows, the correlations were statistically signdieant for all minority students, 
but not for White students. This result indicates that the achievement trend for 
White students was not similar to the other groups. 
If the cause of declining SAT-M scores was due to a lessening in the quality 
of teachers, science and mathematics curricula, methods of instruction, and 
requirements for teachers and students, then all student groups should have been 
similarly affected. Therefore, the achievement scores of males and females and racial 
groups should have exhibited the same trends. 
One possible interpretation of these group differences is that 1) changes in 
teachers, d c u l a ,  or other school factors influenced science achievement in very 
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different ways for the different ethnic/racial groups. A second interpretation could 
be that the various student characteristics evolved differently for various racial and 
ethnic groups so that students in different groups reacted differently to changes in the 
learning climate. This second interpretation is explored more fully in Chapter 5. 
SAT-M TREND ANALYSIS BY RACE: 1976-1989 
Indian-American 
The si@mce and extent of the decline in SAT-M scores were underscored 
by the 1977 College Entrance Examination Board report On F~l~fher  min nation. 
To ders tand  more clearly the nature of the decline in SAT-M scores, the authors 
of this report commissioned 28 separate studies dealing with declining SAT scores. 
The authors even considered the possibility that the declines might be due to bias 
+.-< :- .-+ - .; 
;y$2::$- $.&-. 
caused by changes in the test itself. To investigate this possibility, 3174 high school$$? 
students from 66 schools were given both the 1963 and the 1973 SAT editions. The 
researchers found that the students scored on average 8 to 12 points lower on the 
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1963 SAT. Based on these results, the authors concluded that '"the standard 
established in this test has remained substantially constant, and the decline the scores 
reflect is, if anything, slightly larger than the reported record indicates." (p. 10) 
Conclusions 
The decline in science achievement in the last 30 years is real and it is 
substantial. The Advisory Panel on the Scholastic Aptitude Test Score Decline 
(1977) recognized the seriousness of the decline in test scores when it reported: 
Our assessment of this continuous 14-year drop in averages [SAT] is 
that it is unquestionably significant. Particularly when the SAT record 
is set beside the broader pattern of comparable declines on the other 
standardized academic tests, it emerges as a development warranting 
careful attention by educators and by eve~body interested in 
education. (p. 45) 
The declines in science achievement were mirrored in the National 
Assessments of Educational Progress scores, in the SAT-M trends, and in the 
international science comparison studies. There is no question that science 
achievement in the United States peaked around 1%3, followed by a steady decline 
in achievement for nearly two decades (1963-1981). 
By 1990 following a decade of comprehensive, national educational reforms, 
the weakness of the gains in science achievement questioned the efficacy of these 
reforms. Education Secretary Lauro F. Cavazos reflected, 'Today's college bound 
students are still scoring significantly beluw those of 20 years ago. This is especially 
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dis-ening at the end of a decade marked by substantial education reform efforts" 
The results of the 1988 International Assessment of Educational Progress 
shmved that students in the United States placed near the bottom. Only 42% of 
American students could use scientific procedures and could analyze scientific data, 
compared to 72% of British Columbian students and 73% of Korean students. Less 
than 10% of American students could apply intermediate scientific knwledge and 
principles in designing experiments and interpreting data, compared to 33% of 
Korean students (Lapointe, Mead, 8r Phillips, 1989). 
The seriousness of the declines in student achievement in science were 
recognized in the 1989 edition of Science Indicatm, which noted that: 
Despite reccnt improvements with respect to some age and ethnic 
racial groups, both participation and achievement by U.S. elementary 
and secondary students in science and mathematics are lagging behind 
previous years and other countries. Compared with students in other 
developed countries, American students demonstrate lower 
achievement in problem solving and higher-order thinking. (p. 21) 
The research is substantial and conclusive. Student achievement in science 
peaked in the early 1960s. The declines that followed are genuine and the weakness 
of the recwery during the 1980s is a fact. The seriousness of the declines in science 
achievement were firrther highlighted by the poor perfomnee of American students 
on the international tests of science achievement. 
Now that it has been established that the science achievement of students in 
the United States has declined, the next two chapters investigate what changes in 
curricula, teachers, students, or school goals could account for these declines. The 
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purpose ob thaw  chapter^ Q to try to identifjr which of these mri~kbks could be Wed 
to nearly two decades of declines in student achievement, and to the inability of the 
recent widespread, comprthensive educational reforms to have a stronger positive 
effect on student science achievement. 
CURRICULA 
Curricula, as defined in this research, encompass the course of study, both the 
content and the methods of instruction. Curricula also include the use of 
instructional aids such as computer technology and other educational support 
equipment. In this chapter, changes in curricula during the 1%0s, 19708, and 1980s 
are reviewed and the effects of these changes on student achievement are evaluated. 
Background 
Local, state, and federal funding for public education had begun to increase 
in 1950, increasing &om 32.7 billion dollars in 1950 to 51 billion in 1W. However 
it was beginning in 1958 that funding for public education appeared to explode, 
following the Soviet Union's success in orbiting Sputnik, the first Earth satellite. As 
Figure 14 shows, between 1960 and 1987 funding for public education increased by 
more than 300% in constant 1988 dollars, reaching 158.8 billion dollars by 1987 
( b a t i o n  Ikdkators, 1989). 
In terms of per pupil expenditures, the funding increases during this period 
were equally dramatic. Referring to Table 5, total per pupil expenditures expressed 
'Funding levels are given in constant 1988 dollars. 
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in constant 1987-1988 doIlars increased &om $1735 in 1959 to $4370 in 1988. This 
Figure 14. Public Elementary and Secondary Public School Expenditures 
per-pupil spending level for elementary and secondary education in the United States 
is much higher than the Japanese spend on their students (hntzer, 1990). 
Although educational quality cannot be directly correlated to hding levels 
(Chil& and Shakeshaft; 1986), the b d i n g  increases after Sputnik made psssIlb1e the 
development of the innovative science cumcula. These funding increases also were 
used to improve science laboratories and to develop learning aids. The fundinn was 
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also used to provide workshops and other training vehicles to improve the skills and 
knowledge of science teachers. 
TABLE 5 
PER PUPIL EXPENDITURES IN PUBLIC ELEMENTARY AND 
SECONDARY SCHOOLS: 195 1-1988 
'~otal expenditures include instructional expenditures; 
capital outlay; and interest on school debt, summer schools, 
community colleges, and adult education. 
Meta-lysis of Curricula Eff8cts on Achievement 
The owctive of this chapter is to evaluate the effectiveness of the inrmwative 
science d c d a  on student science achievement. A major problem in determining 
the effectiveness of curricula innovations has been huw to integrate the findings of 
numerous, often contradictory, related studies. Fortunately, the meta-analytic 
technique developed by Glass (1976) provided a means for researchers to summarize 
the results of the research on the effect of curricula on science achievement. 
In this chapter, the results of meta-analyses are synthesized to build a 
comprehensive picture of the effects of the innovative curricula on science 
achievement. These analyses include the work of Becker (1989); Kavale (1988); 
Tamir (1985); Wilson, (1983); Kulik and Kulik (1982); and Weinstein, Boulanger, and 
Walberg (1982); as well as the Science Meta-analysis Project (1983). This project, 
a multi-institutional effort, was designed to "integrate the findings of extant research 
studies directed toward the major science education research questionstt (Anderson, 
Kahl, Glass, & Smith, 1983). The results of this project were re-analyzed in 1987, 
using improved meta-analytic methods (Shymansky, H 1. 
Inma6ive Science Progams 
Be-8 in the 1960s, science curricula underwent a major werhd. 
Between 1959 and 19'73, 19 innovative science curricula projects for grades 7 to 12 
were funded at a cost of 92 m i h n  dollars by the National Science Foundation 
(Wehtein, Bodanger, & Wdberg, 1982). The autbors also mentioned that these 
projects included both summer and full-year teacher institutes to train teachers to use 
the new currkula, and evaluation studies of the effectiveness of the innovative 
curricula compared to traditional curricula methods. 
The innwative science curricula were distinctly different &om the traditional 
curricula. Unlike the presputnik science curricula, which emphasized the acquisition 
of facts, the innovative curricula stressed the processes involved in scientific research 
( S m k y ,  Kyle, and Alport, 1983). The innovative curricula stressed the scientific 
method as a tool to be used in sohring problems. The innovative curricula also 
stressed laboratory skills, inquiry, and group investigation. Unlike the earlier 
curricula which relied heavily on teacher lecture, the innovative science curricula 
emphasized active student involvement in the learning process. 
The most widely implemented secondary science curricula included Biological 
Science Curriculum Study (BS$!S), CHEM Study, Introduction to Physical Science 
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synonymous with BSCS biology (Shymansky, Kyle, & Alport, 1983). The BSCS 
approach involved students in applying scientific methods to sohe meaningful 
problems. In seeking solutions, students developed hypotheses, designed e ~ ~ e n t s ,  
and drew conclusions. To develop within students an understanding of the process 
of science rather than just the products of science (Schwab, 1%5), BSCS emphasized 
the inquiry method. The aim af this approach was to develop within students a 
pattern of scientific reasoning that leads to discoveries. 
BSCS was an extremely effective innovative cumcula compared to traditional 
biology courses (Shymansky et al., 1983; Shymansky, 1984). Students taking BSCS 
biology had significantly higher student achievement than students taldng traditional 
biology courses. The effect size (ES)' for achievement (facvrecall, synthesiS/analysis, 
and general achievement) was 0.59. [An effect size of 0.2 or less is a small effect;, 
0.5-0.6, a medium effect; and 0.8 or greater, a large effect (Cohen, 1980)]. Other 
effect sizes were process skills (0.90), analytic skills (0.46), and perceptions (0.82). 
Chemistry 
Two major innovative chemistry curricula--(=hem Study and CBA--were 
implemented during the 19608. Shymansky et al. (1983) reported that these two 
curricula were the least effective of the new science cumcula. The mean effect size 
for achievement was 0.16, compared to 0.59 for BSCS. The hovative chemktry 
cumcula had only very slight positive effects on process skills (0.02) and only modest 
improvement in process skills (0.28). 
Neverthe&, students in innovative chemistry programs did perform slightly 
better than students in traditional chemistry courses. 
f ffect s i z e  - (* - *)/a, where * and 8 f  are the experimental 
:'-and control graup means, respectively, and gl is the standard 
k+ beviation. 
A variety of innovative physical science programs were developed in the years 
foUowing Sputnik. These curricula included the Human Science Program (HSP); 
Time, Space, and Matter (TSM); Individualized Science Instructional System (ISIS); 
Intermediate Science Curricula Study (ICS); Introductory Physical Science (IPS); 
Interaction of Matter and Energy (IME). 
Shymansky et al. (1983) reported that these innovative physical 
cwricula 'had a positive impact on the student participants!' @. 394) The overall 
effect size for achievement was 0.31; for process skills (0.08), analytic skills (-0.10), 
and perceptions 0.31. The authors concluded that the only negative effect of the 
innovative curricula was in the area of problem solving. Students in the innovative 
physical science programs did show higher achievement than students in traditional 
courses. 
Physics 
The Physical Science Study Committee (PSSC) Physics was one of two widely 
adopted innovative physiw programs during the 19609. The meta-analysis by 
Shymansky et al. (1983) calculated that the effect size for werall achievement was 
0.50, for process skills (0.331, and for analytic skills (0.53). The authors concluded 
that overall student gains in performance in physics were second only to the BSCS 
biology. The authors found that students in PSSC physics showed a higher 
achievement than students in traditional courses, gaining a grade equivalent of at 
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least one-half year over students in traditional physics courses in general physics 
achievement and analytical thinking skills. 
The second innavative physics program was Harvard Project Physics. Thip 
program de-emphasized mathematics, adopting instead a humanistic, historical 
approach. A four year evaluation project of Harvard Project Physics (Welch, 1973) 
found that although - -  wience - ach igniticantly higher compared to 
- + ", ;-.fl$&&+i&;* 
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traditional physics courses, students in Project Physics developed a much more 
positive attitude toward physics. Students in Project physics reported the course 
more "satisfying, diverse, historid, philosophical, humanitarian, and social!' @. 375) 
How Effective were the Innovative Science Cumcula? 
Both the BSCS and the PSSC physics were much more effective than 
traditional curricula in raising student achievement. The innovative physical science 
curricula also resulted in higher student achievement compared to traditional 
methods, although to a lesser extent than the innovative biology and physics d c u l a .  
The chemistry curricula were the least effective of the innovative c-h. 
Nevertheless, students in innovative chemistry programs did perform slightly better 
than students in traditional chemistry courses. 
It may be concluded therefore that in general the innwative science curricula 
had a positive effect on student achievement. Refemng to the research premise 
presented in Chapter 2, if all of the other variables-students, teachers, and school 
climate--had remained unchanged, then student achievement in science should h e  
improved as a result of the implementation of the innovative science cunkuh. 
Instrnctional Strategies 
The 1960s and 1970s witnessed the introduction of numerous instructional 
approaches that were designed to incorporate results of learning theory research. 
The new approaches structured the presentation of information for the learner, 
provided motivational techniques, encouraged critical thinking, and tailored 
presentation methods to meet individual learner differences. These new approaches 
were accompanied by other changes in the learning climate that included less reliance 
on ability grouping, the mwe toward smaller class sizes, and the introduction of state- 
of-the art audi01v3sual technology. In this next section, the effectiveness of these 
educational changes in improving student achievement are discussed. 
Innovative Instructional Approaches 
Adwnce Organizers. Ausubel(1963) developed the concepts of advance organizers 
to introduce a learning task. The advance organizer relates the material to be 
learned to previously learned material and helps the learner to structure what is to 
be learned. 
Stone (1983) integrated the results of 29 studies on the effectiveness of 
advance organizers on achievement. Lott (1983) combined the results from 16 
studies on the effectiveness of advance organizers in science education. The effect 
size for knowledge was 0.09. For application of knowledge, the effect size was 0.77. 
The combined cognitive effect size was 0.24. The results showed that advance 
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OT-I~S both increased achievement and improved learning retention compared 
to students taught without the benefit of advance organizers. 
Cues and Rcinfo~meat. Lysakowski and Walberg (1982) conducted a meta-analysis 
on the effectiveness of cues, reinforcement. They found that students in science 
classes that used cues and reinforcement outperformed students in the control group. 
The meta-analysis synthesized the results of 54 studies that included 14,689 students 
in approximately 700 classes. L-owski and Walberg found a mean effect size of 
0.97 students in classes that used cues and reinforcement. This effect size placed 
treatment groups on the average at the 80th percentile compared to control groups. 
Furthemore, the authors reported that these findings were constant for all levels of 
education from elementary through college. The findings were constant consistent 
across SOeio-economic level, race, and community type, and the findings were valid 
for pubfie- and private-schools. 
Computr-B4sed I r t s ~ t i o n .  The determination of the effectiveness of computer- 
based instruction on science achievement was complicated by three factors (RoMyer, 
Castine, and Kin& 1988). First, must of the earliest studies examined the use of 
mainkme computers in science education. (Personal computers, or minicomputers, 
in education are a more recent innovation.) Second, many of the early PC studies 
did not have access to adequate numbers of machines. Third, the quality of 
educational s o h a r e  hiits varied patly across the studies of the effectiveness of 
computer-based education. 
Roblyer, Castine, and King (1988) conducted a meta-analysis of studies on the 
effectiveness of computer-based instruction. These authors found that computer- 
based instruction was effective in raising science achievement (ES=O.49), although 
the authors did caution that the small number of studies limited the conclusions that 
can be drawn. The authors also found that the effectiveness of computer-bed 
instruction varied across subject field, being more effective in mathematics than 
reading. The cross-subject finding was confirmed similar findings in earlier meta- 
analytic reviews. In sharp contrast to previous reviews, which found that computer- 
based instruction was most effective with low level students at the elementary kvel 
puter-based instruction was not 
ents or for males. The authors also 
found that computer-based instruction was most effective at the college level, which 
was contradictory to previous studies that had found that computer-based instruction 
was most effective at the elementary level. 
(Kulik & Kulik (1987b, c) synthesized the results of five separate meta- 
analyses on the effectiveness of computer-assisted, computer-managed, and computer- 
based instruction. The authors concluded that computer-based instruction 1) 
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imprwed student achievement, 2) reduced instruction time, and 3) improved student 
attitudes toward both the subject matter and computers. 
In a prior meta-analysis of computer-based instruction, Bangert-Drowns, Kul& 
and Kulik (1985) rewiewed 42 studies of the effectiveness of computer-based 
instruction in secondary schools. In this meta-anahpi, the effective of computer- 
based programs was also found to be greatest for low-aptitude students. In another 
1985 analysis of 12 studies, Okey found that computer-based science instruction was 
very effective (0.82). 
Willet, Yamashita, and Anderson (1983) reviewed 14 studies on computer- 
based instruction. The authors reported that computer simulations had the largest 
effect on achievement (ES = 1.45). Computer-aided instruction was the least 
effective, improving achievement only slightly (ES = 0.16). Orlansky (1983) reviewed 
48 studies of military training classes that were taught using traditional or computer- 
based methods. He reported that although computer-based instruction was not more 
effective than traditional methods, students in computer-based classes ~~ the 
material in 3U% less time. 
Kulilr, Bangert-Drowns, and Williams (1983) and Kulik and Bangert-Drm 
(1983-1984) integrated the findings of previous meta-analyses and concluded that 
programmed instsuction was only mildly effective (ES = 0. I), but that computer-based 
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instruction raised student achievement by 0.4 standard deviation-4.e. from the 50th 
to the 66th percentile. 
Although the research on the effectiveness of computer-based instruction is 
still somewhat preliminary, it does strongly suggest that computer-based instruction 
has great promise as a tool to help improve student science achievement. 
Inquiry. Suchman (1%2) and Schwab (1965) developed the inquiry method to teach 
BSCS biology. The concept of inquiry, which grew out of psychological learning 
research, was designed to teach students to process scientific information using the 
scientific method to solve problems. 
Wise and Okey (1983), as a part of the Science Meta-analysis Project, 
investigated the effectiveness of inquiry or discovery on student science achievement. 
The mean effect for cognitive outcomes (low and high level outcomes, general 
achievement, and problem solving) was 0.41; for affective outcomes the effect size 
was 0.15. Lott (1983) combined the results from 24 studies on the effectiveness of 
inquiry in science education. He calculated an effect size for knowledge of 0.02; for 
application of knowledge, -0.10; for process skills, 0.29; and for problem solving, -0.01. 
The combined cognitive effect size was 0.24. 
Anderson (1983) in consolidating the results of the Science Meta-analysis 
Project reported that four different meta-analyzes supported the effectiveness of 
inquiry teaching. He concluded that "all of the data from these meta-analyses favor 
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an mq- approacn, although the evidence varies in its strength fkm one meta- 
analysis to another." (p. 502) 
Mmtery kamiqg. Bloom and CarroII(1968/1971) developed a method of instruction 
called mastery learning in which students must reach performance levels essential for 
basic competence (Torshen, 1977). In mastery learning, a student masters each 
objective before proceeding on to the next one. A unique characteristic of mastery 
learning is that individual students progress through the objectives at their own pace. 
The effectiveness of mastery learning has been extensively studied. h k e y  
and Pigott (1988) conducted a meta-analysis of 46 studies on mastery learning 
strategies in group environments. Their analysis concluded that mastery learning 
improved both cognitive and affective learning outcomes. 
Kulik and Kulik (1987a,) synthesized the results of 49 studies on mastery 
learning. The researchers found the mastery learning approach was most effixtive 
in improving student achievement for low aptitude students. 
SIavin (1987) used a modified meta-andyticlnarrative technique, d e d  "best 
evidence synthesis," which he had developed to integrate the research findings on 
mastery learning. Slavin, in contrast to the other researchers, found no evidence that 
mastery leamhg improved achievement. 
Willet and Yamashita (1983) used meta-analysis to combine the results of 10 
studies on the effectiveness of mastery learning. They calculated an effect size of 
0.50 for science achievement with similar gains on affective measures. They also 
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reported that mastery l e d g  signifkantly improved skills in scientific methods 
(ES= 1.24) and critical thinking (ES = 0.89). 
Pmcmalked Ikstmctiotz. During the last 30 years, tutoring of disadvantaged students 
has become increasingly common. Both the Head Start program for minority 
students and the Migrant Education program utilized tutoring as a method to try to 
improve the educational opportunities for at-risk students. In addition, tuturing has 
become a widely accepted practice in special education programs and in cooperative 
learning in general classes. 
Cohen (1981) conducted a meta-analysis on the effectiveness of tutoring in 
improving achievement. The results of the meta-analysis showed that tutoring 
improves achievement and attitude toward the subject for the student being tutored. 
Cohen also reported that tutoring programs improved the self-concept the tutor and 
the self-concept of the student being tutored. 
s 
Willet, Yamashita, and Anderson (1983) investigated audio-tutorial, learning 
contracts, individualized instruction, media-based instruction, Personalized System of 
instruction, programmed learning, self-directed study, and team teaching. They found 
that the most successful was the Personalized System of Instruction with a cognitive 
effect size of 0.49, followed by contract learning (0.22) and programmed instruction 
(0.17). Audio-tutorial (0.09), individualized instruction (0.12), and team teaching 
(0.09) are only very slightly more effective than traditional teaching. The only 
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neptive effecr smes were reported for self-directed study (-0.02) and media-baed 
instruction (-0.03). 
Other lnstractional Trends 
Ability-Gmuping Practices. The grouping of students by ability was an accepted 
educational practice prior to the 1960s. A second generally accepted practice was the 
encouragement of individual student competition for grades. Howerer, these 
practices became less widely used after 1964. First, the integration of schools in the 
1950s and then the federal requirement in the 19709 to mainstream exceptional 
students caused tracking of students to become leu popular. Instead, the trend was 
to place students in the "least restrictive environment," which encouraged a move 
toward heterogeneous classes and away from homogeneous classes and tracking. 
Rock et al. (1985) found the percentage of schools using ability grouping declined 
from 59.5% in 11972 to 51.2% in 1980. 
Some critics have argued that the shift from ability grouping to heterogenous 
classes muki be a likely contributor to the decline in student achievement in science. 
However, this criticism is not supported by the research. Noland and Taylor (1986) 
conducted a meta-analysis of 50 studies on ability grouping between 1967 and 1983. 
The results of the meta-analysis showed that ability grouping did not result in higher 
achievement, but that ability grouping did lower student self-concept for ability- 
grouped students compared to students in heterogeneous classes. 
Audio-V-I Technow. The libraries of the 1960s were transformed into the media 
centers of the 19fKk. Formerly a place to find boo4 the media center became a 
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repmitory of learning materials and "teaching" equipment such as VCRs, television 
monitors, tape recorders, and film projectors. Unlike the pre-1960s teacher, whose 
audio-visual equipment consisted of the blackboard and whatever else could be 
fashioned from paper, crayons, or glue, most science reachers in recent decades had 
access to all kinds of sophisticated electronic and film resources to enhance teaching. 
But how effective has all of the innovative audio-visual equipment been in 
improving student achievement? Wise and Okey (1983) conducted a metamanalysis 
on the effectiveness of audio-visual methods. The authors calculated a cognitive 
effect size of 0.1, which indicates that innovative audio-visual methods had only a 
slight positive effect on student achievement. 
Smaller C h  Size. A second curricula factor that has changed since the 1960s is class 
size. As school funding increased, more teachers were hired. At the same time 
school enrollment stabilized and teacher contracts placed limits on class size. As a 
result, average c l w  size decreased throughout the 1970s and 1980s. In 1960 the 
average secondary pupil-teacher ratio was 21.7'. Between 1970 and 1980, the pupil 
teacher ratio fell from 19.9 to 16.9. By 1988 the pupil-teacher ratio had fallen to 14.7 
( b a t i o n  Indicators, 1989). 
Robinson and Wittehols (1986) used a cluster-analysis approach to synthesize 
the results of 100 studies conducted between 1950 and 1985 on the relationship 
%any educators criticize class size statistics because they 
may include guidance counselors and administrators, which means 
that the numbers do not present an accurate estimate of actual 
class s i z e s .  While thie argument is valid, the actual class sizes 
are not important in this analysis. What is important is that 
average class size has declined throughout the last 30 years. 
C 
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between class size and student achievement. The results were found to vary with 
grade, subject matter, and instructional method, with the effect of class size on 
student achievement decreasing at higher grade levels. 
Flia (1984) performed a meta-analysis on class size. The results of this meta- 
analysis found that class size had little effect on achievement for class sizes between 
25 and 40, and that class size was the greatest effect on achievement for class sizes 
of fewer than 20 students. Fliss concluded that there is no one optimum class size. 
Smith and Glass (1980) combined the results of 59 studies on class size. They 
concluded that class size was related to student attitude and the method of instruction 
used, but that class size had very little direct effect on student achievement. 
Hclw Efloctive were the InstructioIL81 Strategies? 
The body of research on the effectiveness of these innovative instructional 
approaches and instructional trends indicates that like the innovative science 
programs these changes should have improved student science achievement. All of 
these innovations and trends have been shown separately to have a poaitive effect on 
achievement. 
Conclusions 
Weinstein, Bodanger, and Walberg (1982) analyzed 33 studies of innovative 
high school science programs that irwolved a total of 19,149 junior and senior high 
school students in the United States, Great Britain, and Israel. They concluded that: 
the postSputnil(1958) curricula produced beneficial effects in science 
learning that mended across science subjects in secondary schmk, 
types of students, various types of aqpitive and affective outcomes, 
and experimental rigor of the research. . .the present analysis shows a 
moderate 12 point percentile advantage (effect size = 0.31) on all 
karning measures of student pedormance in the innovative course. 
(pp. 518-519) 
The authors reported that the effect sizes were significant at the 0.05 level, and that 
student performance in the innovative curricula averaged at the 62nd percentile 
compared to traditional science programs. 
The meta-analysis by Shymansky et al. (1983) included 105 studies of 27 
different science curricula and 18 different student performance measures. The 
authors concluded that: 
1. The average student in the new science curricula exceeded the 
performance of 63% of the students in traditional science courses on the 
aggregate criterion variable. 
2. Across all curricula, students exposed to new science programs showed 
the greatest gains in the meas of process skill development, attitude toward 
science, and [science] achievement. 
3. By content area, students exposed to new biology and lrew physics 
programs showed the greatest g a b  ~CTC)%S dl criteria me-+ w W  new 
chemistry and earth science students showed the kast gains. (pp. 401-402) 
According to the authors, "there is a substantial body of research literature 
which collectively points to the new science curricula as a successful attempt to 
improve science education!' Shymansky et al. also found that the innovative curricula 
imprwed student attitudes toward science and student self concept; as well as critical 
thinking, problem solving and mathematics achievement. 
Shynumsky et al. found that students in innovative hence p r q m  had an 
general achievement gain of 0.43 standard deviations--a gain of a half grade lml-- 
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over traditional science currialla. Boulanger (1981) in a study of innovative science 
c u r r i a  between 1%3 and 1978 concluded that the near cumcula improved science 
achievement compared to traditional science curricula. 
Wise and Okey (1983) calculated an werall effect size for twelve different 
teaching techniques, including inquirydiscavery. The averall effect size which was 
based upon 160 studies was 0.34. The authors concluded that the innovative science 
instructional techniques resulted in one-third of a standard deviation in improvement 
when compared to traditional teaching methods. 
Preece (1988) researched science education in the 1980s. Preece concluded 
that teaching techniques used in the 1980s were generally more effective than 
traditional methods. Based upon the research on curricula innovations since Sputnik, 
it is valid to conclude that these innovations had positive effects on student learning 
and should in themselves have resulted in improved student achievement in science 
during the last three decades. The results of the meta-analyses on the effect of 
curricula innovations on student achievement are summarized in Table 6. 
As the table indicates, the innovative curricula, methods of instmtion, and 
other cumcula trends since the mid-1960s should have positively influenced student 
achievement. Therefore, these changes cannot be a cause of the decline in student 
achievement. On the contrary, student achievement should have steadily risen since 
1957, based solely on the effectiveness of the cumcula trends. When we consider 
that per-pupil expenditures (Lkjpst of Edwata'o~l St&&, I-, US. Department 
of Comrm, 1990) have more than doubled in the last three decades, it is not all 
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that surprising that the curricula and instruction are more effective today compared 
to traditional practices. And still, many of the current proposals for educational 
reform center again on revising the curricula or developing new methods of 
instruction to improve student thinking skills in an effort to improve science 
achievement. 
TABLE 6 
SUMMARY OF THE EFFECTIVENESS OF INNOVATIVE CURRICULA IN 
IMPROVING STUDENT ACHIEVEMENT 
Computer assisted 
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The research on the trends in ctmicuh wer the last 30 yeara does not support 
the claim (Murphy, 1990) that by the 19Ws, 'The curriculum was a mess, lacking both 
rigor arid coherence. Instruction was poor; materials (textbooks) worse!' (p. 10) 
The results of the research on curricula trends suggest that the possible causes 
for declines in student science achievement have nuw been reduced by one. Either 
changes in teachers, students, or both must be the cause of the declines in student 
science achievement. 
CHAPTER 5 
TEACHERS AND STUDENTS 
The research presented in Chapter 4 strongly suggests that changes in 
cwricu1a were not responsible for the declines in student achievement during the last 
30 years. On the contrary, the research has shown that specific innovations in science 
curricula and methods of instruction should have had a positive effect on student 
achievement. Based solely on the innovative curricula and instructional factors 
descriied in the previous chapter, student achievement in 1990 should have been 
signifkmtly higher than in 1970. 
In this chapter changes in teacher and student characteristics and changes in 
requirements for teachers and students are detailed. Since curricular innovations have 
been ruled out as a possible cause of declines in student achievement, changes in 
teachers or students, or both, must be related to the declines in achievement. The 
first variable to be considered is teacher characteristics. 
Teacher Characteristics 
Many of the educational reports released during the 19805 singkd out teachers 
as a primary cause of the decline in student achievement in science. The 1983 report 
A Nation at M k  was especially critical of public school teachers. The report noted 
that "too many teachers are being drawn from the bottom quarter of graduating high 
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school and college students." (p. 30) The report also criticized schools of education 
because "41 percent of the time of elementary school teacher candidates is spent in 
education muses, which reduces the amount of time available for subject matter 
courses." (p. 30) In the areas of science and mathematics, the report found that half 
of the newly employed teachers were not qualified to teach these subjects. Similarly, 
the Twentieth Century Fund report, Making the Gmde, placed much of the blame for 
declining student achievement on teachers. The report, Action for Ewelknce (1983), 
by the Education Commission of the States Task Force on Education for Economic 
Growth stated that the least able college students chose teaching careers. The report 
recommended that educational standards be increased for teachers. 
A similar finding was reached by the National Science Board Report, 
Educating Amen'cans for the 21st Centwy (1983). According to this report: 
Many of the teachers in elementary schools are not qualified to teach 
mathematics and science for even 30 minutes a day. A significant 
fraction of our secondary school teachers are called upon to work in 
subjects for which they were never trained. Even the most sea~oned 
and experienced veterans must deal with subjects that are in a state of 
constant change; no one can remain knowledgeable in science without 
constant refreshing. (p viii) 
The report also called for retraining teachers and for raising standards both for 
beginning and for experienced teachen. 
Thew reports assumed implicitly that 1) teacher quality had declined, and 2) 
the declines in teacher quality had contniuted to the declines in student science 
achievement. However, as Ruck et al. (1985) and Raywid, Tesconi, and Warren 
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(1984) pointed out, there was little available research that supported the claim that 
teacher quality had declined during the 19709 and 19808. 
Teacher Qllality 
In sharp contrast to the conclusions of the commission reports of the 1980s, 
the National Education Association (1976) had reported that teachers in the 1970s 
were better prepared than their predecessors. This assertion was supported by trends 
in teacher training. In 1961, for example, fully 15% of all teachers did not have a 
bachelor's degree. However, by 1976 this number had been reduced to 1%. The 
trend with master's degrees was similar. In 1%1,23% of the teachers held a master's 
degree. By 1965 the percentage had increased to 29.6% (D@st of Education 
Stdstictics, 1968), and by 1980 the percentage of teachers with a master's degree had 
increased to 31.6% (Rock et al., 1985). 
The results of a survey by the Metropolitan Life Insurance Company (1988) 
indicated that teachers agreed with the National Education Association view of 
teacher competency-not the view of the commission reports. According to the 
Metropolitan Life survey, 93% of the teachers surveyed disagreed with the statement 
that "other" teachers showed little expertise and personal knowledge in lecture 
materials. Moreover, 84% of the teachers S U N ~ Y ~ ~  disagreed with the statement that 
their colleagues had minimal learning expectations, and 75% did not believe that 
their colleagues just went through the motions of presenting information. On the 
contrary, the teachers (94%) who were sumeyed said that their colleagues had a love 
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or passion fw teaching and exchanged ideas about teaching techniques and subject 
matter (89%). 
Clearly, teacher and c o d s i o n  views of the state of the teaching profession 
were widely disparate. According to the Metropolitan Life Survey (1988), the 
majority of teachers talk with students outside of class about student interests and 
student personal problems. Teachers (99%) agreed that most teachers in their 
schools care about students. Ninety-eight percent said that their colleagues treated 
students fairly and encouraged them to reach their maximum potential. The teachers 
sumeyed said that they regularly encouraged student participation (%%), recognized 
student performance (91%), gave students individual attention (81%) , and organized 
classes to interest students (78%). 
This view of teachers-knowledgeable of their subject and teaching methods 
and dedicated to the profession-was also reported by students. According to the 
1988 Metropolitan Life Survey: 
The overwhelming majority of both teachers and students report that 
the student-teacher relationships in their schools are either good or 
excellent. . .Almost all teachers (93%) rate the relationship between 
teachers and students in this way, as do 70% of all students. . .It is 
clear from the responses of both teachers and students that most 
teachers' commitment to the profession extends beyond the classroom. 
(PO 49) 
The absence of a decline in teaching quality was further supported by student 
ratings of teaching trends. Between 1972 and 1980, there was little difference in 
student ratings of quality of instruction, difliculty of courses, and teacher-interest in 
students (Rock et al., 1985). In both years (Table 7), more than 50% of the seniors 
reported that student-centered discussions were used fairly often or frequently used. 
Similarly, in both years more that 60% of the students reported that writing 
assignments were frequently given. According to the same study, the amount of 
student laboratory work did decrease somewhat during the 197% but the use of 
individualized instruction and computer-based instruction increased during this same 
period. 
PERCENTAGE OF PUBLIC SCHOOL SENIORS WHO REPORTED 
TEACHING METHODS "FAIRLY OFTENt OR "FIWQUENTLY USED" IN 
COURSES: 1972 AND 1980 
During the 19709, students continued to look to teachers as role models. 
Thirty-nine percent of high school students said that there were teachers that they 
admired and would like to be like. Between 1972 and 1980 the number of students 
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wno reported that teachers strongly influenced their post-secondary plans increased 
(Rock t t  al., 1985). 
Obviously, teachers and students held a very different view of teacher 
competency than did many of the commission reports. While the commission reports 
strongly criticized teacher quality, the students and teachers said that teachers were 
doing a good job. But what did principals, school superintendents, and deans of 
colleges of education say about the quality of recent teachers? Did school 
management agree with the teachers or with the commission reports? According to 
the 1986 Metropolitan Life Survey, principals (44%), superintendents (51%), and 
deans (60%) rated the overall quality of new teachers entering the profession as 
better than the quality of new teachers in the past. It is interesting to note, however, 
that according to the same swey  only 33% of state legislators and state education 
officials, and 17% of teacher union officers agreed. 
Before drawing any conclusions about the direction of any trend in teacher 
quality since 1960, one final factor needs to be considered. That factor is changes in 
requirements for education majors, beginning teachers, and experienced teachers. 
One outcome of the commission reports of the 1980s was a national drive to 
improve teacher quality for both veteran and beginning teachers. Most of the states 
followed the recommendations of the reports in raising teacher salaries (Figure 15). 
Related innovations during this period included the introduction of performance- 
basea pay, career ladders, and professional development programs (Ihe Nab 
F'igure 15. Trends in Teacher Salaries Since 1960 
In many states teacher salary reforms were accompanied by demands for 
greater teacher accountability. In some states, teacher competency was measured in 
tenns of how well a teacher's students performed on competency examinations. In 
other states, such as Texas, increased teacher accountability meant that veteran 
teachers would have to pass competency tests in order to remain certified to teach. 
The state reforms also targeted undergraduate education majors and beginning 
teachers. The demand for better teachen led many colleges of education to 
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strengthen their teacher training  pro^^. Schola~~hJp were made available for 
promising undergraduate students preparing to teach science. By 1989, 32 states 
required students to pass an examination in order to be admitted to a teacher 
education program (Education indicators). By 1990, 43 states required beginning 
teachers to pass written examinations to demonstrate that they were qualified to 
teach (Digest of Edkution Stahtks, 1989 [p.l46J). 
In summary, the proportion of teachers with college degrees and with 
advanced degrees increased sharply during the 19708 and 1980s. The results of 
various educational surveys further support the argument that teacher quality has 
improved since the 1960s. It would seem therefore that the national commission 
reports were wrong in their claim that teacher quality had seriously declined during 
the 19709 and 1980s. On the contrary, the evidence clearly supports the contention 
that teachers were dedicated and qualified. Certamly, there seems to be scant 
evidence that could be used to make a case for a negative trend in teacher quality, 
which could be used to explain the declines in student achievement in science. 
Teacher Attitudes 
One of the characteristics of the commission reports was that they were 
written variously by college deans, school superintendents, political figures, corporate 
officials, and professors. Noteworthy by their absence were classroom teachers. For 
example, the Education Commission of the States Task Force on Education for 
Growth (1983) report, Aclion for aceII'ct: Tmk F o ~ e  on E d u c a h  for Ecommic 
Growth had 42 membecq but only one member was a teacher (Murphy, 1990). In 
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a similar fahion, the National Science Board (1983) report, Eiiucadq Anwrikw fw 
the 21st cenauy was composed of 19 members-one of whom was a teacher. 
A n o b r  example of the failure of the commission reports to include teachers 
was the Twentieth Century Task Force on Federal Elementary and Secondary 
Educational Policy (1983). This task force, which released the report, Making the 
Grade, was composed of 12 members; none of whom was a teacher. The most 
famous of the commission reports, A Nation at Rirk was written by the National 
Commission on Excellence in Education. This commission had one teacher among 
its 18 members. The most extreme example of the lack of teacher representation was 
the Boyer (1983) report, High School. There were no teachers among the 29 
members of the commission responsible for this report. 
Given the lack of representation, it is not all that surprising that many teachers 
did not agree with many of the assessments and proposed solutions of the commission 
reports. For example, in the Metropolitan Life Survey, of 1208 t e a c h  su-4 
84% did not agree with the commission reports that proposed schools of choice as 
a vehicle for overcoming students' educational disadvantages. The teachers surveyed 
were less critical of magnet schools and specialized schools, with teachers just about 
equally split on the educational value of such schools in helping to overcome students 
educational disadvantages. 
Concerning the issue of accountability, teachers disagreed with the report, A 
N&n at Risk. Sixty-nine percent of the teachers surveyed did not feel that teachers 
and principals should be held more accountable for students who were failing. 
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Teachen alsa disagreed with the educational reports that maintained that the 
dropout rate was a serious school problem. Only 9% of the teachen agreed that 
dropouts were a very serious problem. Furthermore, teachers did not believe that 
schools were responsible for most student dropouts. Ninety-two percent of the 
teachers agreed that the most important cause of students dropping out was family 
problems. 
Teachers did strongly agree with the commission reports on one point-- 
standards. Nearly 75% of the teachers felt that students should have to reach 
specified standards to be promoted. Similarly, 61% agreed that more money should 
be provided for schools with special problems. Some education solutions proposed 
by teachers are listed in Table 8. 
A significant part of teacher perceptions about education involved the school 
working conditions, school climate, and student characteristics. Table 9 lists some 
teacher perceptions of their working conditions. As shown in the table, 38% of the 
teachers surveyed reported that their colleagues felt isolated from other educators, 
and 80% felt that teachers were frustrated with administrative practices. Seventy-nine 
percent of the teachers sweyed agreed that they themselves were frustrated with 
a M t r a t i V e  practices at their schools. In this regard, only 6096 of the teachers 
reported that they were able to devote at least 75% of their class time to teaching. 
TABLE 8 
TElAU3E.R PROPOSED SOLUTIONS TO CURRENT EDUCATIONAL 
PROBLEMS 
PROPOSED SOLUTION I WILL HELP A LOT (%) 
AUaw the students to choose the school they I 
want to attend 16 
Establish and maintain support structures such 1 
as health and guidance counseling 77 
Establish and maintain after-school activities I 
such as arts and sports 66 
Assign teachers a group of students for several 
years to provide continuity 30 
Develop before and after school educational 
Have specified standards that students must I 
reach before they can be promoted 64 
Hold the principals and teachers more I 
accountable to students who are failing 31 
Allocate more money to schools with special I 
problems I 61 
Establish magnet or regionalized schools with I 
specialized cumcula I 48 
Establish specialized programs or schools for 
10 to 14 year-old students I 
Source: Metropolitan Life Insurance Company, 1988 
Teacher frustration may have been an important factor related to increased 
numbers of teachers changing schools or leaving the profession during the 1970s. 
Between 1972 and 19&4 the percentage of schools with a 10% or greater turnover 
rate increased from 37.8% to 46.2% (Metropolitan Life Insurance 
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The dropout rate for teachers, however, did vary considerably among the teaching 
disciplines For example, Mumame (1987) found that in Michigan 55% of the physics 
teachers and 51% of the chemistry teachen were no longer in the classroom after 5 
years, compared to 39% of the history teachers. In a subsequent study, Murname 
(1989) found that only 14.6% of physics and chemistry teachers who left teaching 
before 6 years returned to the classroom. 
As Table 10 indicates, the flight born the classroom coincided with changing 
teacher perceptions of the viability of teaching as a career. In 1%1, only 40% of the 
secondary teachers su~veyed reported that if they had it all to do over again they 
would become teachers (Digest of Education Statistics, 1985). Male teachers were less 
favorable, with 35% agreeing, compared to 57% of female teachers. A decade later 
in 1971, the percentage of teachers who reported that they would choose to teach 
again had not changed swcantly (39%). However, teacher attitudes toward the 
profession changed radially during the 19705. As a result, in 1981 only 18% of 
secondary teachers said that they would be willing to teach again. Thus, in 1981, 
compared to a decade earlier, only half as many teachers were willing to teach again. 
The Metropolitan Life Survey (1988) reported similar findings. Begun in 1384 
the results of the survey first indicated an upswing in 1988 in the percentage of 
teachers reporting that they were very satisfied with teaching as a profession. 
However, the increased satisfaction was reported by females and by teachers with 
TEACHER PERCEPTIONS OF WORKING CONDlTIONS 
PERCEPTION 
My classes have become so mixed in terms of 
ool does not encourage strong relationships 
There is a lack of parental support for developing 
positive student-teacher relationships 
more than 5 years of teaching experience. Satisfaction of teachers with less than 5 
years of experience declined. 
On the other hand, the percentage of teachers who reported that they were 
likely to leave teaching did not change between 1985 and 1988, with 26% of teachers 
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reporting that they were "fairly likely" or "very likely'' to leave teaching within the next 
5 years. Among teachers with fewer than 5 years experience, 34% reported that they 
were likely to leave teaching; among minority teachers, 41% reported that they were 
likely to change careers within 5 years. 
TABLE 10 
PUBLIC SECONDARY TEACHERS WILLING TO BECOME TEACHERS 
AGAIN 
The perception of the public about the desirability of teaching as a career 
showed a drop that was similar to the change in teacher perceptions found in the 
Carnegie survey. In 1989 58% of the parents in the Gallup survey said that they 
would like one of their children to become a public school teacher. By 1990, the 
favorable response rate had dropped to 51%. The drop in popularity of teaching as 
a career was accompanied by two other negative perceptions of public education. 
First, 50% of the respondents felt that teachers were underpaid. And second, people 
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do not believe that the educational reforms have improved public sch00Zs. Only 20% 
of the people surveyed felt that schools in their community had improved within the 
last 5 years. 
The upswing reported in the Metropolitan Survey was subsequently 
contradicted by the national survey released by the Carnegie Foundation for the 
Advancement of Teaching in September, 1990. The Carnegie survey found that there 
was a broad teacher dissatisfaction with the profession due to teachers' lack of 
authority over their working conditions. In fact, 45% of the teachers surveyed 
reported that they "were unhappy with the control they had aver their professional 
lives," as against 25% in 1987; and 70% of teachers surveyed reported that they had 
little or no involvement in establishing policies for student promotion and retention 
(Celis, 1990). Teacher complaints included the frustration with the outcomes of the 
"Exczlience" movement. Other teacher complaints included students' lack of drive 
and ambition, and the growing inability of schools to meet student needs. 
The influence of the school climate on teacher perceptions was clearly shown 
by differences in perceptions of minority and non-minority teachers, who were much 
more likely to teach in urban schools with high percentages of students who were 
academically handicapped. Approximately 41% of minority teachers taught in inner- 
city or urban schools, compared to 17% of the non-minority teachers. Table 11 lists 
minority and non-minority teacher perceptions. The most striking dif%erenceo in 
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perception invoked student-teacher relationships, teenage pregnancy3 and alcohol and 
drug use, and dropouts. 
The evidence supports the conclusion that factors other than teachers or 
curricula may have operated to change the school climate and student characteristics, 
which in turn have influenced student achievement. In this next section, changes in 
student attitudes and behaviors and teacher perceptions of student changes will be 
examined to identify other changes related to declines in student achievement. 
TABLE 11 
TEACHER PERCEPTIONS OF THE SCHOOL CLIMATE 
PERCEPTION 
The number of students who lack 
tudent Characteristics 
The relationship between student characteristics and achievement is well 
documented. Numerous studies have linked student achievement to socio-economic 
status, parental educational levels, racial or ethnic background, and attitude toward 
school (Applebee, 1989; Lapointe, 1989; Carnegit Foundation, 1990). Similarly, a 
.- have found a relationship between the amount of homework that 
a student does and student achievement. Other studies have found relationships 
between the amount of television viewing and student achievement. In this section 
changes in student characteristics related to science achievement are discussed. 
The Educational Testing Service (ETS) study of factors associated with 
declines in test scores of high school seniors (Rock et al., 1985) found that there were 
significant changes in high schools and in student behavior between 1972 and 1980. 
Rock et al. (1985) concluded that changes in student behaviors were slightly more 
w+:mportant , .  i than changer- - &. '" - school climate in relation to the declines in 
iL>& * -c. 
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The ETS stud* Found that throughout the 1 dents became in 
concerned with making money and less concerned with making social contri%utions. 
At the same time students had become less satisfied with their sch00Is. Significantly 
more students in 1980 than in 1972 believed that their schools did not place enough 
86 
emphasis on academic subjects, but at the same time slightly more students reported 
that mmes were too hard. 
In a survey by the Metropolitan Life Insurance Company (1988), although 
76% of the students reported that they wanted to do well, only 51% said that they 
got upset when they got a low grade. Fifty-five percent of the students said that they 
did not care one way or the other about going to school or that they really did not 
like going to school. 
The change in student attitudes was accompanied by changes in student 
behavior. In the survey by the Metropolitan Life Insurance Company (1988), 32% 
of the students surveyed reported that they listened in science nearly dl the time; 
32% reported that they listened most of the time. But 21% reported that they 
listened only some of the time, and 12% reported that they almost never listened. 
Rock et al. reported in their 1985 survey that 65% of the students indicated that 
classcutting was a problem in their school. In the same survey, 54% of the students 
cited poor attendance and 29% reported student fighting as problems. 
The student opinions were shared by school administrators and teachers. By 
1982 over 48% of administrators considered student absenteeism to be a moderate 
or serious problem; 42% cited student drug use and 30% mentioned class cutting as 
serious school problems (H&h School and Beyand Survey, 1982). In a Metropolitan 
Life Survey (1988), teachers reported that students paid less attention than in 
previous years. Only 36% of the teachers reported that their students were actually 
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paying attention more than 75% of the time; and 22% reported that students paid 
attention only between 26 and 50% of the time. 
Apparently, the 1980s educational reforms, which stressed student discipline, 
had little wefa11 effect on student behavior. According to the 1988 Metropolitan Life 
survey, 72% of the teachers surveyed said that disruptive behavior had stayed the 
same or increased during the last 5 years. Furthermore, of the teachers surveyed, 
SO% said that school discipline policies were inconsistently applied. 
Another change in student behavior was in the use of alcohol and drugs. 
Although the use of alcohol has declined since 1980 (Education indicators, 1989), 
nearly two-thirds of the seniors surveyed said that they had used alcohol in the month 
preceding the survey. Between 1975 and 1979 student use of cocaine doubled fiom 
6% to 12%, declining to 8% by 1988. However, this survey did not include student 
use of crack, a cheap highly addictive form of cocaine, so that the trends of crack use 
are ~idmown. 
Chmga in the attitudes of parents and students toward schools were also 
evident in the courts. Between 1971 and 1977, there were 1734 civil case8 in the 
United States involving students (me Condition of Edwatim, 1982). These cases 
involved discipline, regulation of sports, benefits and sewices from schools, school 
prayer, curricula, freedom of speech, educational malpractice, and the right to a 
diploma. The increased tendency to sue school systems could indicate not only 
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changes in student behaviors, but dso changes in the way parents viewed the role and 
authority of schools to control curricula and student behavior. 
That parents have come to expect a greater role and increased authority wer 
various school functions was demonstrated in the 22nd Annual Gallup Poll (Elman, 
1990). Fifty-nine percent of the 1,594 adult respondents felt that parents should have 
more to say about the allocation of school funds. Flfty-three percent of the people 
interviewed expressed the belief that parents should have a greater role in 
determining the curriculum. The extent to which the public has come to expect 
active involvement in public schools was further indicated by the fact that 
approximately 40% of the adults surveyed felt that parents should have a greater 
voice in the selection, hiring, and setting of salaries of teachers and administrators, 
as well as in the selection of boob and instructional materials. 
Homework and Television Viewing 
Declines in the amount of homework was a frequently cited criticism in many 
of the national educational reports. And yet, the amount of homework only declined 
from 4.55 to 4.05 hours per week, or roughly 10% between 1972 and 1980 (Rock et 
al., 1985). In the 1988 Metropolitan Survey, 68% of the student reported that they 
spent an hour or more per night on homework. 
Related to homework in an inverse way is the number of hours that students 
spend watching television. According to the Metropolitan survey, 12% of students 
watch 8 or more hours of television per day. Forty-nine percent of students watch 
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between 2 and 5 hours of tekvbhn per day. 'hventy-seven p e r m  watch fewer than 
2 hours of telerision. 
Demographics 
Between 1972 and 1980 the number of high school seniors in public schools 
was nearly unchanged; however, the composition of the senior group changed 
sigwficanttly. In 1972, White students were 85.8% of the senior enrollment; by 1980 
the proportion of White students had declined to 79.9% (Rock et al., 1985). The 
same study reported that at the same time, the enrollment of Black students 
increased from 8.7 to 11.6%. Hispanic enrollments increased &om 3.5 to 6.5%. The 
gender composition of the senior class also changed between 1972 and 1980, with 
females increasing from 50 to 51.4% of the total population. 
During this &year period, in addition to the changes in the makeup of the 
senior class due to increased numbers of females and minority students, there was 
also a sizable population shift from the Northeast and North Central regions of the 
country to the sun belt states. There was also a population shift away &om urban to 
suburban areas. In 1972, an estimated 26.5% of the high school seniors were from 
wban areas; by 1980 only 20.1% were fiom these areas. The percentage of seniors 
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from rural schools increased from 21.6% to 30.5%, while the percentage from the 
subanrb changed by law than 3%. 
Course-Taking Patterns 
Rock et al. (1985) reported that during the 1970s a greater percentage of high 
school students had enrolled in general, rather than academic courses. The report, 
A Nation at Risk, concluded that: 
The proportion of students taking a general program of study 
increased from 12% in 1964 to 42% in 1979 
Only 31% of recent high school graduates completed Algebra I; only 
6% completed calculus 
Twenty-five percent of the credits earned by general track high school 
students were in physical and health education, work experience 
outside the school, remedial English and mathematics, and personal 
service and development courses, such as training for adulthood and 
marriage 
Thirty States required only 1 year of mathematics, and 36 required 
only 1 year of science to graduate 
Comes in driver education and cooking &ed as much credit 
toward graduation as courses in science and mathematics 
Fewer than onethird of U.S. high schools offered physics taught by 
qualified teachers. (pp. 18-21) 
Although there had been an overall reduction in the proportion of students 
taking college preparatory mathematics and science courses during the latter part of 
the 1960~~ A Nation tat Risk (1983) Wed to acImow1edge that 1) most of the statistics 
cited also applied to public schools in the early 1960s when student achievement had 
been much higher and 2) the trend had begun to reverse by the mid-1970s. 
Between 1972 and 1980, although schools offered more advanced placement 
courses in science, there was a slight decrease in the amount of science taken by 
students in general programs of study during this period, down from 3.71 to 3.46 
semesters. High socio-economic students in academic programs, however, took more 
science in 1980 than in 1972. West, Diodato, and Sandberg (1984) reported that the 
proportion of public high schools that offered one or more science courses increased 
from 89% in 1972-1973 to 99.7% in 1981-1982. The authors also found that 
enrollment in science classes increased from 6,119,000 to 8,27&000 during this same 
period. In terms of enrollment, these figures represented 51% of the total school 
enrollment in 1971-72 versus 65% of the total high school enrollment in 1981-1982. 
By the beginning of the 1980s-prior to the publication of A Nafion at Risk (1983)--a 
larger percentage of students were taking science courses than at the start of the 
previous decade. 
Throughout the 1970s, the course-taking pattern in mathematics was similar 
to science. Students, regardless of their program of study, took significantly more, not 
less, mathematics (West, Diodato, and Sandberg, 1984). There were, however, 
differences in course taking patterns according to racelethnic background. By 1980 
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Black, Hispanic, and Asian srudents took more mathematics courses than White 
On the basis of student course-taking patterns during the 197% student 
achievement in mathematics and science should have at least remained stable, and 
more likely should have improved based upon the student course-taking patterns. 
However, the actual trends in science achievement, as shown previously in Chapter 
3, showed a sharp decline between 1970 and 1981. This decline cannot reasonably 
be attributed to changes in course-taking patterns in science and mathematics. 
During the 1 9 8 0 ~ ~  as a result of the national "EmAlence" movement, students 
took even more science and mathematics courses. Between 1982 and 1987, the 
percentage of students taking science courses increased fiom 95% to 99%. The 
percentage of students taking biology increased from 75% to 90%; chemistry 
increased from 31% to 45%; and the percentage of students taking physics increased 
from 14% to 23% (Westat Inc., 1988). Moreover, the increase in the average 
number of science and mathematics courses taken by high school students exceeded 
the increases in other academic courses (National Science Board, 1989). 
The increase in science and mathematics enrollments during the 198138 was 
reflected in somewhat improved science achievement scores. However, the National 
Science Board (1989) reported that these increases were slight and did not make up 
for previous declines in achievement scores. As illustrated in Table 1, the science 
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proficiency smres for all groups of student groups--male, female, White, Black, and 
Hispanic--were lower in 1986 than in 1970. 
The decline in student science achievement during the 19709 cannot be 
explained by the changes in course-taking patterns. However, the slight improvement 
in aggregate SAT-M scores in 1986 may have been due to upturns in enrollment in 
science and mathematics courses, as well as other educational reforms (National 
Science Board, 1989). The question that still remains to be answered is why did not 
the '93xceUence" reforms produce larger gains in science achievement? 
Values 
During the 1970s increasing numbers of students came to place more value on 
making money (Rock et al., 1985). Fewer students in 1980 compared to a decade 
earlier reported that working to correct social and economic inequalities was an 
important goal. Rock et al. concluded that the environmental and mckd 
consciousness of the 1960s had been replaced by self-interest in job success and 
security. By 1980 the percentage of students desiring clerical jobs had declined, as 
greater numbers of students sought managerial and technical occupations. 
Between 1972 and 1980, students increased in self-esteem, but became less 
confident in their ability to control their futures. By 1980 students were more 
interested in freedom to make their awn decisions, job security and permanence, and 
a good income. Between 1972 and 1980, there was no change in the percentage of 
students who planned to go on to pt-secondary education, but by 1980 a greater 
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percentage of high school students believed that they had the ability to complete 
college. 
Family BPckgound 
The socio-economic status, level of education, attitudes, and aspirations of 
parents help to shape the attitudes of their children. Parents in 1980 were on the 
average more educated than parents in 1972 and they tended to have higher 
aspirations for their children. This trend was consistent across all ethnic groups 
except Hispanics (West, Miller, & Diodato, 1985). 
The occupations of fathers shifted toward more managerial and proprietor 
positions. The major change in parental occupation during the 19709 was for 
mothers. Between 1972 and 1980, the proportion of full time homemakers declined 
from 55.2 to 15.1%, as mothers moved from the home to the work place. 
When teachen were asked what they thought were the principal caww of 
student difficulty in school, their most frequent response was fw- re l a t ed  prob1- 
(Educatkm iruficators, 11989). Teachers (51%) said that latchkey children, i.e. ( A ildren 
who were left on their o m  after school, were a major factor. Teachers (44%) 
blamed family poverty. The most common school-related factors cited as causes of 
student difficulty were automatic promotion (44%) and the inability of teachers to 
adapt to the individual needs of the learner (43%). One possible cause of the 
95 
inability of teachers to adapt to the M i d u a l  needs of the learner was that the needs 
were changing. 
The students' attitudes toward school were shared by their parents. In 1%9, 
45% of people responding to me 13th Annual Gallup P d  of the hblic's Attitude 
toward the Ml ic  Schools (Phi Delta Kappan, 1981) favored raising taxes for public 
education. By 1981 only 30% supported higher taxes for education. 
Conclusions 
Rock et al. (1985) concluded that shifts in population demographics played 
only a minor role in declining test scores. Instead, they found that changes in student 
behaviors and school characteristics played major roles in score declines. Further, 
they concluded that student school behaviors were more important than school 
characteristics in the decline of the SAT-M score. The results show that there was 
very little change in the general perception of teacher quality, but there was a definite 
attitudinal change that schools were not placing enough emphasis on academics. 
The Metropolitan Suwey (1988) concluded that the majority of both teachers 
and students agreed that teachers knew their subject matter and how to teach so that 
lessons were clear and easy to understand. Furthermore, the survey found that 
teachen were enthusiastic for the subjects and maintained discipline. 
The conc'iusions, based upon the results of Chapters 4 and 5, are that changes 
in the school climate and changes in student attitudes and behaviors seem to be the 
primary factor related to declining student achievement. The teachers are better; the 
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curricula have been imprwed; educational technology has changed the c l ~ r o m  
farmer. 
Moreaver, by the mid-1970s alarms began to sound that student achievement 
in science, mathematics, and literacy were declining so that schools began a move 
taward "Back to Bash!' As sham in this chapter, academic students took more 
science and mathematics, during the 1970s. Throughout the 1980s schools reduced 
the number of electives and increased the number of required core courses. At the 
same time schooIs raised standards for teachers. 
Yet, all of these educational enhancements have not resulted in the expected 
gains in student science achievement. Instead, the improvements in teachers, 
curricula, methods of instruction, and standards have been eclipsed by other changes. 
In the next chapter, mieta1 changes responsible for altering the school goals and 
influencing student attitudes and behaviors are discussed. 
CHAPTER 6 
SOCIETAL INFLUENCES ON SCHOOLS IN THE POST-SPUTNIK 
YEARS: 1958-1990 
American society since its inception has looked to its schools to promote the 
values of the community. Consequently, the community has influenced the goals of 
its schools to reflect these values. As community values have changed over time, the 
community has shifted the goals of its schmls. This view of American education was 
expressed by Coombs (1985) who said that school systems are shaped by 
environmental forces. 
Prior to World War 11, American culture had changed relatively slowly. The 
size of the country, its nual character, the traditional values and religiow convictions 
of American families, and the ties to community all acted to dampen chaqe. After 
World War 11, however, Americans became more mobile; there was a large shift in 
. ;-<;2"&"-<%$ 
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population to the cities, and the development of television brought new ideas into 
American homes. These factors made possible the rapid changes in society that 
occurred after 1960. 
Federal involvement in public education, major social movements, and changes 
in the farmly were all parts of the societal changes after 1960. In the following 
sections, the declines in science achievement during the 1960 and 19708 and the 
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failwe of the educational reforms of the 19£& to restore achitvemnt to previous 
levels are related to societal changes which altered the goals of public education. 
Federal Involvement in Public Education 
Between the years 1957 and lW, the Federal Government has shifted the 
focus of public education four times. The first shift occurred after World War 11. 
America rushed to complete a national program begun during the Eisenhower 
administration to improve the science programs in public schools. The second shift 
occurred during the Johnson administration in response to court-mandates of the 
1950s and the resulting Civil Rights Movement of the 1960s. The Federal 
Government intervened a third time in public education beginning in the latter part 
of the 19609 and into the 1970s to mandate handicapped education and 
mainstreaming. The fourth shift in the focus of public education was initiated during 
the Reagan Administration in response to growing national concern that there were 
again serious deficiencies in the education system, especially in the areas of science 
and mathematics. The following sections describe these four distinct periods of 
federal involvement in US. public education since 1957 and the effects that they have 
had on the educational goals. 
The first federal intervention in public education was during the Eisenhower 
period. In 1953, President Eisenhower began to develop a policy of federal 
involvement in education when he submitted a proposal to Congress to establish the 
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Department of Health, Education, and Welfare. However, when the Soviet Union 
sumsw placed the first satellite in Earth orbit, the Federal Government entered 
upon a new level of involvement in public education. 
N a t b a l  De$we E&fation Act (NDEA). In 1958, President Eisenhower signed into 
law the NDEA. The motivation for the NDEA, as indicated by the title, was to 
strengthen national defense by improving selected subject areas such as science 
education in public schools. 
The NDEA provided federal money to develop new curricula and instructional 
strategies in science, mathematics, and foreign languages. The NDEA also provided 
funds for teacher training programs in these areas. By 1%3 approximately 21,000 
teachers attended summer institutes in science, mathematics, and foreign languages 
(Shymansky, 1983). 
In 1959, the first year that the National Defense Education Act was 
implemented, 23 milli~n dollars were expended to strengthen science, mathematics, 
and foreign language instruction by upgrading demonstration equipment and 
laboratories and by improving public school teachers, curriculum, and methods of 
instruction. In the second year of the act, 105.5 million was expended, in 1%1,94.8 
million was spent, and in 1%2,99.7 million was used to fund projects (US. Office of 
Education, 1969). Between 1958 and 1968, the NDEA supported 45,829 graduate 
fellows at a cost of over a third of a billion dollars (National Research Council, 1977). 
Orimally, the NDEA was to last only 4 years, but was extended in 1%1,1%3, 
and 1%4 (Commager, 1973). By 1968 more than 300 million dollars had been 
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d b a t e d  to provide 26,828 graduate f e h h i p  for a h &  study ( M s m n  on 
H m  Resources, 1977). 
As a result of the NDEA, the quality of science teachers was improved, 
technology was incorporated into science courses, and library resources were 
upgraded. NDEA did improve student achievement and interest in science, as 
reflected in higher test scores and greater numbers of students enrolled in science 
and mathematics courses during the early 1%0s (Altbach, 1985). 
National SC~CMG Foundation (NSF). Federal efforts to improve science education did 
pre-date the NDEA NSF was established in 1950 as an independent federal agency. 
The NSF mandate was "to develop a national policy for the promotion of basic 
research and education in the sciences" (Krieghbaum and Rawson, 1969). (p. 4) In 
1954, the NSF conducted its first summer workshops for high school teachers. The 
total amount of the funds expended was ten thousand dollars. HoweverP the NSF 
budget rapidly grew. Between 1954 and 1965, the expenditures for summer programs 
was approximately 165 million dollars (Krieghbaum and Rawson, 1%9) and dozens 
of new science programs were developed for grades K-12 with funding fiom the 
National Science Foundation (Shymansky, 1983). 
The summer institutes were gradually expanded. Institutes were developed 
to update, upgrade, reorient, and advance the training of teachers in science and 
mathematics. NSF was used to reorient teachers to the PSSC and to the BSCS 
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curricular projects. Eventually, tthe summer institutes were suppkrnented with in- 
s e ~ c e  and non-summer institutes. 
As mentioned previously, NSF was established as an independent agency* Thip 
provision allowed it to operate with operate outside of the political arena. By making 
NSF an independent agency, its founders hoped to eliminate the possibility that the 
Federal Government could use the agency to exert its influence on public education. 
Clearly during this period, excellence in science and mathematics were primary 
goals of public schools. To meet these goals, high-ability students were channeled 
into college preparatory science courses and students who could not handle the work 
were placed in general or vocational tracks. One of the characteristics of this period 
was the lack of electives open to students in college tracks. With few exceptions, all 
college-bound students took a generaearth, or physical science; biology; c k m ,  
geometry; and 2 years of algebra. During this time academic standardsy rather than 
the development of a student's self-concept, were of primary importance. Student 
rights had not yet been "discovered." 
The Johnson Adxmnistrration 
By 1964 American concern had shifted fiom the amnos to towns and cities 
on Earth. The country was faced with increased pollution of its air, land, lakes, and 
rivers; and not even the vast oceans were safe from the effects of pollution. Prior to 
the 1%Os, science had been viewed as the solution to all of our country's problems. 
Scientific breakthroughs and new technology promised new sources of cheap energy, 
the e-ation Of pcwerty, and a ever better standard of king. During the 1%0s, 
this attitude changed and the public increasingly came to view science and techn01ogy 
as being responsible for the factories and chemicals that polluted the environment. 
The publication of Rachel Carson's Silent Spring in 1%2 was quickly followed by the 
Environmental movement, the passage of the Clean Air and Water Acts, and the 
creation of the Environmental Protection Agency. 
The national concern of the 1%0s for its cities and towns were not limited to 
the environment. Events in the South confronted all the American people, as they 
witnessed on their television sets the oppression of Black citizens. They watched 
Civil Rights demonstrators being beaten by police for demanding their Constitutional 
rights. The national outcry that followed led to the passage of the Civil Rights Act 
of 1%4 and the Elementary and the Secondary Education Act (ESEA) of 1965. The 
aim of the Elementary and Secondary Education Act of 1%5: PL 89-10 (ESEA) was 
given as: 
The Congress hereby declares it to be the policy of the United States 
to provide financial assistance to local educational agencies serving 
areas with concentrations of children from low income familits to 
expand and improve their educational programs by means which 
mntrii'bute particularly to meeting the special educational needs of 
e d u c a t i o ~  deprived children (PL 89-10, Section 201) 
Specifically, ESEA provided for: 
-. , !irL' Lm,t :+-,-.-3 - d.' -<LL>7tr:,-r&%?+ r-- 
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I t : a%k7Z :4$: , r  :. Three-year grant programs to local educational agencies sewing 
'.A: v :'.- ,..- children in regions with high concentrations of low-income famfia 
2) Grants to purchase hirary resources and textbooks in public and 
private nun-profit schools 
3) The establishment of madel schools, community centers, and pilot 
Prw- 
4) Grants to college, universities, organhatins, and individuals for 
educational resealrch, surveys, and demonstrations 
5 )  The improvement of state departments of education by grants for 
research, planning9 and personnel development 
In 1966,l.l billion dollars was appropriated for ESEA, increasing to 1.8 billion 
by 1971, si-g a new wave of federal involvement in public education 
(Sidebothom, 1989). National defense was no longer the issue; instead, the nation 
turned to mount a War on Poverty" with the aim to establish President Johnson's 
"Great Society." 
Whereas the Eisenhower legislation had targeted the best students in science, 
the Johnson focus was disadvantaged students. Consequently, funds were shifted 
from science to remedial reading and language arts. This new direction was 
recognized by Ravitch (1983), who maintained that the NDEA educational gads to 
produce high science achievement were replaced by new goals to correct past racial 
injustice. k m g  with ESEA the Federal Government began to strengthen its 
involvement in education by requiring that schools comply with federal guidelines to 
receive funding. 
The Nlxon/Ford/Chrter Administrations 
By 1968 the United States was on the verge of placing a man on the moon. 
Yet, the problems of poverty, racial injustice, and pollution had not been solved at 
home. Pictures of Earth from orbiting space craft only strengthened the public 
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conviction that the United States needed to spend more money to solve the 
immediate social problems that had led to mass rioting and social upheavals. For 
these reasom, the gads of public education continued to shift from high science 
achievement to social remedies for more than two centuries of government-supported 
The trend of federal involvement in public education continued with the 
passage of the Bilingual Education Act of 1968, which became Title W of ESEk 
The law was re-authorized in 1974 and 1978. Title VII was created to assist "children 
of limited English-speaking ability," which was specified to mean children who came 
from homes in which the primary language was not English. States were allocated 
funds based on their concentrations of bilingual students. This act provided programs 
for bilingual education, historical and cultural education, early childhood education, 
adult education, and dropout prevention. Beginning under ESEA and continuing 
with the Bilingual Education Act, federal funds were allocated for remedial reading 
and language arts instead of science and mathematics (Sidebothom, 1989). Thwh the 
shift from science and mathematics continued. 
In 1965-66 approximately 18% of the curriculum and instructional money was 
directed toward science education (Statistical Report, FY 1967 Title Wear II); in 
1%7-68, this proportion dropped to 12%; by 1972-73,1% of the instmctional f h &  
were directed to science and mathematics (Statistical Report, F Y  1968 Title Wear 
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11); For the 1971-72 school year, 12% of all public school students were enrolled in 
Title I remedial programs; by 1976 20% were enrolled (Sidebothom, 1989). 
The American educational pendulum had been set into motion after World 
War 11. From the early 1950s until about 1%4, the pendulum gathered speed in the 
direction of high standards of science achievement. However, the rise of the Civil 
Rights movement caused the pendulum to swing the other way. The ascent of the 
equity in education replaced scientific excellence as the educational goal of the 1960s. 
During the 1970s, the equity movement in education continued. The passage 
of the Education for all Handicapped Children Act: Public Law 94-142, required 
schools to mainstream handicapped students into regular classes. This act shifted 
federal funds for education to special education. Public schools were directed to 
establish programs to ensure educational equity for mentally, emotionally, and 
physically handicapped students. Furthermore, educational equity meant that such 
students must be mainstreamed whenever possible. In order to mainstream such 
students, schools had to develop specialized programs to assist these students in 
succeeding in regular classroom environments. 
Between the passage of the NDEA in 1958 and P.L. 94-142 in 1974, the 
nature of the federal involvement in education had grown significantly and had 
evolved from simply providing funds to prescn'bing programs that must be 
implemented to receive hding. Throul . the purse string, the Federal Government 
had became the guiding influence in determining the goals of public schools. The 
potentid of an increasing federal role in education had been a serious concern of 
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President l3kenS10wer. According to Ravitch (1983), it was the concern for national 
security that finally decided the issue. The urgent need to develop the best young 
minds in science and mathematics in the post World War I1 era outweighed the 
potential threat of federal influence in public education. 
The Recyan Administration 
The fourth period of federal influence in public education was during the 
Reagan years. Presided Reagan disavowed the increased federal involvement in 
public education, particularly in terms of federal financial support for public 
education. In his view, the responsibility for education rested squarely with the 
individual states and Reagan had campaigned to dismember the Department of 
Education (DOE). Once in office, however, Congressional opposition forced him to 
abandon this plan. Nevertheless, he appointed William Bennett, a former supporter 
of dissohring the Department, as Secretary of Education. Under Bennett's leadenhip, 
the staff were reduced &om 7,400 to 5,000, programs were reduced or eliminated, 
and the DOE budget was slashed (Clark, 1986). 
The Reagan government called upon the individual states, cities, towns, and 
even private companies to shoulder more of the responsibility and cost for public 
education. On August 13,1981 President Reagan signed into law the Educational 
Consolidation and Improvement Act of 1981, which reversed a trend of steadily 
increasing funding for public education. Between 1960 and 1964 federal educational 
funding nearly doubled to 3 billion dollars; by 1%6 it doubled again; d by 1972 it 
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ibubbd again to 12 W o n  dollars (Omstein, 1385). By 1980 the education budget 
had again more than doubled to $25 billion dollars. 
In 1982, the first year of Reagan's presidency, the federal expenditures for 
education dropped 5%, compared to a 10.2% increase in each of the previous 6 years 
(Omstein, 1985). During the next 6 years, the education budget increased, but at a 
much lower rate than in the previous two decades. The state-oriented policy was 
implemented by requiring each state's governor to appoint an advisory committee, 
comprised of students in public and private elementary and secondary schools, 
teachers, parents of elementary and secondary students, members of local school 
boards, representatives of higher education, and state legislators (PL 97-35, Sec 564). 
At the same time that the Reagan government began to withdraw funds for 
public schools, it called for a return to excellence in education, while arguing 
simultaneously that increased funding was not the solution to the problem (Altbach, 
1985). The educational goals were again being shifted, but the focus was unclear. 
Whereas, during the Eisenhower administration the funding and the educational goals 
were aligned, 'The focus for schooling during this time became confused due to the 
incompatiiility of public statements supporting academic excellence while the 
majority of federal funds available for schooling continued to go toward the 
disadvantaged student with subject matter emphasis on some aspect of 
readinmpge  arts and mathemtia" (Sidebothom, 1989). (p. 117) 
The emphasis on the disadvantaged student in public education during the 
1970s was evident in the pattern of science achievement scores. As was shown in 
la3 
Chapter 3, the SAT-M scares of Black, Puerto Rican, Mexican-American, and 
American Indians generally increased between 1976 and 1389. White students were 
the only student group whose scores were lower in 1989 than in 1976. The NAEP 
tests showed a similar pattern with other student groups making larger impr~ernents~ 
than White students. Schools in the early 1960s had raised student science 
achievement when that was the primary goal of education. And during tbe 19709, 
when compensatory education became the dominant educational goal, schools 
significantly improved the science performance of disadvantaged students. What the 
schools had failed to do was to simultaneously satisfy both of these goals. 
The effort to make schools more equitable had also added another goal for 
public education. In addition to improving the achievement of disadvantaged 
students and science and mathematics achievement for all students, sch00Is were 
directed to reduce the numbers of student dropouts. Dwing the Reagan 
administration, dropout prevention and drug education gained increased attention 
with the consequence that science and mathematics got an even smaller share of the 
reduced school budget. The now famous phrase "Just say no to drugsn could have 
been applied to funding for science and mathematics! 
Whether the goals of tExcelle~ce" and "Equity" are compatible, is still unclear. 
Sidebothom argued that these successive periods were in conflict and not really 
compatible, in that each established "programmatic thrusts'' that were at odds with 
each other. It may simply be that the social equity goals have been implemented in 
such a way to legsen science achievement. What is clear is that the changing of the 
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educational goals by the Federal Guvenunent has influenced the emphasis that 
schools have placed on science achievement, which in turn has resulted in different 
trend in science achievement for the various student groups. 
The notion that the involvement of the Federal Government in education has 
had deleterious effects on achievement is shared by other authors. Kaestle and Smith 
(1982) cite the involvement of the Federal Government in education as a cause of, 
and not a solution to, the decline in public education!' They state that: 
. . .many professional educators and analysts. . . view the involvement 
of the Federal Government as a major cause of a general decline in 
the quality of American public schooling. They have seen federal 
programs at the periphery as taking resources and attention away from 
the central tasks of the school. (p. 406) 
Social Movements 
Federal legislation was not the only factor that has changed the goals of public 
education over the last three decades. Societal changes that have altered the 
attitudes of the public, parents, and students toward public education have also 
Muenced schools. Since the 1%0s, much of what Americans believe and take for 
granted-our cultural heritage-has come into question, altering the very character of 
o w  society. American attitudes toward sex, authority, religion, violence, and 
education, and schools have undergone a cultural revolution. 
The federal legislation that altered the role of public education did not 
operate in a social vacuum. Rather, much of this legislation was in response to 
changes in American political and social attitudes. The social movements during the 
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last three decrldes have contri'butcd to the changing role of public education in the 
United States. 
During the 1960s Americans began to question their government and public 
institutions. The Civil Rights and Vietnam protests were waged not only in the 
streets but in the high schools, colleges, and universities of the nation. An effect of 
the politization of schools was that educational institutions lost the separateness that 
had insulated them from society. 
As AUan Bloom recounts in the book 77ze Closing of the Amen'can Mind 
(1988), universities turned wer the decisions about values to the Zeitgeist, the 
populum. The protest movements of the 60s became convinced that the universities 
and schools were "ivory towersw--distant and elite-and therefore immoral. According 
to Bloom, universities and schools w longer stand outside public opinion. Instead, 
academic freedom has been subsumed in the quest to eliminate racism, elitism, and 
feminism. Bloom states that whereas philosophy and natural science were once 
considered the avenues to discover truth about reality and the universe, popular 
opinion in the United States has laid claim to truth in which passion and commitment 
have equal footing with reason and science. 
According to Bloom, the effect of this attack on education was to level the 
distinction between educated and uneducated, producing the "homogenized man." 
The protests of the 60s attacked education programs that catered to the most able 
students as elitist. Where or@ a few years previous, school tracking of students by 
ability was used to develop science achievement, tracking came to be seen as a form 
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of discrimination that relegated less able students to less able teachers and inferior 
curried-. As the social disorders of the 1- entered the classroom, to a large 
extent, control of educational institutions in the United States was transferred from 
educators to students and to the public. This pattern has continued throughout the 
19708 and into the 1980s. The call for parental involvement in all aspects of 
schooling and the movement toward schools of choice are outgrowths of this 
mentality. A direct effect of the shift in control of schools has been a reduction in 
the ability of schools to direct the education process. 
The extent to which the control of schools has been shifted away from the 
educators is readily apparent when one compares the reforms of the 1980s to the 
NDEA programs of the 60s. In the late 1950s, schools were criticized for not 
providing quality educations, especially in science and mathematics. The educational 
solution was to provide more funds to schools to develop science programs and to 
provide funds for teachers to improve their knowledge and develop their skills. 
In the 1980s, schools were once again criticized for not providing a quality 
education. However, by this time schools had lost their separateness &om society. 
Unlike the NDEA reforms, which looked to schools and teachers to solve the 
educational problems, the report A-Nab-at-Risk aimed its criticisms directly at 
schools and teachers as having failed in their duty to provide quality education. 
Instead, of looking to the educators for solutions, school boards, local and state 
gwenunents, and local pressure groups assumed major roles in reforming schools. 
Every element of schooling from textbook selection, to curriculum, to teacher 
112 
training, to testing came under public semtiny. This change of control firom educators 
to the general publie had assumed a major role in directing the curricula. 
Thc American Family 
The social revolution of the sixties was mirrored in the revolution in nature of 
the American family. Prior to 1960, the typical American household consisted of a 
working husband who was the undisputed head of the household, a wife who was a 
full time mother and housekeeper, and several children. The typical family settled 
in the same community in which they grew up, spending their lives among family 
members and life-long friends. Community life and church membership played 
important roles in family life. Chuches reinforced the moral training for children 
and promoted the authority of parents. Family, peer, religious, and other societal 
groups all supported the family and strongly discouraged divorce and premarital 
sexual relationships. 
By 1988 the typical American famdy was quite different. For example, the 
percentage of persons who reported attending churches or synagogues decreased 
from 47% in 1960 to 42% in 1988. At the same time, the percent of people 
expressing no religious preference had increased from 3% to 9% (S&z~&rtiul Abstmc~, 
1972,1990). 
The decline of religious influence was accompanied by changes in marriage 
and divorce rates. Aceording to the Statirticul Abstracts of the United States (1972), 
76.2% of the males and 71% of the females l&years-old and older were married in 
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l%Q. By 1988, the percentage of m h c d  males had dropped to 68% and the 
percentage of married females had dropped to 62.3% (Stat'klical Abstrac~, 1990). 
As marriage rates declined, the divorce rates increased. In 1960, the 
percentage of aver-18 males who were divorced was 2.1%; for females the percentage 
was 2.9%. By 1988 the percentage of divorced males and females had more than 
tripled to 7.1% and 9.2%, respectively. In terms of the percentage of mamages that 
eventually fail, 50% of the American marriages of the 1980s ended in divorce. In 
absolute numbers, there were 393,000 divorces in 1960, compared to 1,183,000 
divorces in 1988. 
4 a result of the increased frequency of divorces, growing numbers of 
children are raised by single parents or by parents who have remamed. Moreover, 
increasing numbers of unmarried women had children during this period. In 1960, 
unmarried women accounted for only 5% of all births. By 1970, the number had 
doubled to 10.7%; and by 1988, unmarried women accounted for 24.5% of all births. 
This percentage represents 933,000 infants born to unmarried women. 
The extent of the change in American attitudes toward extramarital births are 
evident in the title changes in Statistical Abstracts between 1972 and 1990. In the 
1972 edition, the table was entitled "Illegitimate Live Birth:" in the 1990 edition, the 
title had been changed to "Births to Unmarried Women!' Just between 1980 and 
1988, the percentage of children living with a single mother increased from 0.8% to 
6.8%. For Black children the percentages were much greater, so that in 1990 28.2% 
of all Black children lived with a single mother. As more and more mothers have 
entered the work force, their "latchkey" children have to spend much of their time 
alone at home or in after-school or day-care programs. 
As the family structure changed in recent decades, so too did the behaviors 
of the children. Between 1970 and 1986, the suicide rate for students between the 
ages of 10 and 14 nearly tripled from 0.6% to 1.5% During the same period, the 
suicide rate for teenagers aged 15 to 19 years increased from 5.9% to 10.2%. 
Another change in teenage behavior involves sexual promiscuity. In 1973, women 19- 
years or younger had a total of 244,000 abortions; by 1985 the percentage had 
increased to 416,000. 
The changes in society and the family are reflected in the increasing crime 
rates. Between 1960 and 1988 violent crimes such as homicide increased by 68%, 
forcible rapes increased by 376%. During the same period, robbery increased by 
368% and aggravated assault rose by 595%. Nonviolent crimes showed similar 
trends. Burglary increased by 641%, larceny rose by more than 2 5 m ,  and motor 
vehicle thefts increased by 787%. 
The increased crime rates have similarly influenced schools. During the 1990$ 
term such as a "safe learning environment" have become common when applied to 
public schools. In urban schools, armed security guards are a common occurrence. 
One high school principal in New Jersey, who carried a baseball bat in the halls and 
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locked the fire exits to keep out drug dealers, became a national celebrity and the 
subject of a major motion picture. 
Conclusions 
Federal involvement in public education is one factor that has altered school 
goals. Since 1957 the Federal Government has become increasingly active in setting 
the goals of public education. The Federal Government has used schools as vehicles 
to correct problems of national concern. Ravitch (1983) cited a series of examples 
of federal educational responses designed to address social problems. These 
exampks included racial segregation/integration, Hispanic immigration/bilingual 
education, poverty/compensatory education, and unemployment/job training. 
According to Altbach (1985): 
SchooLP have been expected not only to teach children and provide the 
bask shills needed by a comple~: techno1ogical society but also to solve 
the dikmma of racial dimhination, to provide opportunities for 
women and rainod~q to scOCiW generations of immigrants and to 
bend to c- social policies, such as church-state relations, and "sex 
edumti6n.n (p. 14) 
As the Federal b m m c n t  shifted the focus of education, goals were changed 
for schools. This changing of goals led to o o ~ i o n  among educators as to what were 
they redly sapptxed to teach to whom. Was their purpuse to provide academic rigor 
and the best science educatiam for their students? Or were they supposed to help 
each stuikmt to reach his or her individual potentid. In simpler times, an "Af' was 
by wring a h  some ~tandard such ap being in the top 
such as these came into qulestion as $chmh 
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told that all students needed to succeed. Social promotion, Lea, mandatory 
promotion to the next grade regardless of achievement, was nearly unheard of prior 
to l%O. Yet, by 1980 in many school districts across the country, social promotion 
was not only accepted, but required. Teachers were told that holding a child back 
was tantamount to child abuse; that such practices permanently damage the student's 
self-esteem -6 personal communication 1989). 
A second influence on school goals has been changes in the American society. 
Today's schools have the distinction of being one of the few public institutions that 
are directed, to a large extent, by their clients. The turmoil of the 1960s stripped 
away the last vestige of academic autonomy. Just as the shiny armor of science had 
been tarnished by the events i f  the 19609 and 1970s, the white cloak of 'Truth" had 
been torn from educational institutions. The loss of academic autonomy made 
schools more vulnerable to changes in the winds of societal issues. 
A third influence on school goals, related to societal changes, is changes m the 
American family. The significant role that parents and students now play in the meas 
of curriculum and academic standards has presented schools with a new set of 
problems. Because the characteristics of parents and children have changed 
si@amtly in recent decades as the structure of the American family has radically 
changed, $chmk hrwe been forced to accomodate the rapidly changing needs of 
parents and students. 
Prior to the m&l-l%(k stwknSs: were given very little choke in what cowses 
*- .rvm t3etemhd by the t-bf, a d  \ 
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stuh9ts had to meet these standards. By 1990 in many public schools in the United 
States, academic standards are determined to a great extent by parents and students. 
In such schools, the failure of a student is the failure of the school Consequently, 
teachers experience pressure not to make their schools fail. 
Because academic standards are now closely linked to student characteristics 
in today's schools, any negative changes in student characteristics, such as lower 
motivation, can lead toward lower academic standards. In much the same way, 
changes in student values, such as occurred during the 1970s, that placed less worth 
on education would have a similar detrimental effect on academic standards. 
Altbach maintained that the present crisis is the result of past policies and a 
'long-standing American confusion concerning the role of the schools in society." (p. 
13) Furthermore, the author noted that in none of the recent periods were the 
programmatic thrusts Initiated by the educational community. Rather in each case, 
the programs were thrust upon schools and they in turn were forced to react to 
federal pressures. 
The poor showing of students in the United States on the 1986 International 
Assessment of Educational progress led Lapointe, Meade, and Phillips (1989) to 
suggest that factors other than teachers and curricula might be responsible for the 
differences in student performance among the different countries. The authors 
attriiuted the performmce disparities to differences in the value that societies place 
on science and mathematics education, to differences in attitudes of parents and 
students, and to diffcrenms in student motivation and wih&ness to learn in 
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particular. In fact, in the authors found that "there is little consistency in the 
relationship between types of classroom activities and achievement." (p. 80) 
As schools have become inexorably entwined with social concerns wer the last 
30 years, the goals of schools have been shifted at very short intervals. The changing 
goals of public education are discussed in the 1984 report, A IFend Study of H&h 
School Offenk&s and EnmIIment;~: 1972-73 and 1981.82 (West, Diodato, 8i Sandberg) 
@. 1). The authors reflect that "Over the past 15 years, secondary schools have 
served both as a laboratory for new curricula and instructional ideas, and as a 
battleground for conflicts over the goals of secondary school education." 
As has been discussed, during the Eisenhower presidency, the Soviet threat to 
national security was countered by enlisting schools to turn out the scientist and 
technicians. During the I%@, schools were chosen as vehicles to redress social 
inqualitjes and to reduce poverty. During the 1970s, schools were legislated to 
mainstream handicapped and to provide training for poor students. The charge for 
schools in the 1990s is to continue programs ensuring equal access, but to again focus 
on excellence in science and mathematics. 
The problem is not that schools have been enlisted to help correct social 
inequities. Nor is the problem the fact that schools have been asked to assume an 
expanded number of responsibilities. The problem is that the shifts in educational 
thrusts in response to societal and federal imperatives have altered previous school 
goals, replacing them with new seemingly discrepant goals. This fact will be 
demonstrated in the next chapter in which the changes in student science 
achievement are re-an- m the eontart of the changing societal pressures exerted 
on the public school system. 
CHAPTER 7 
FACTORS RELATED TO THE DECLINES IN SCIENCE 
ACHIEVEMENT--AN ALTERNATIVE HYPOTHESIS 
In this chapter the changes in science achievement are re-examined within a 
historical context. The purpose of this analysis is to demonstrate that changes in the 
SAT-M and the NAEP scores since the 1960s seem to be related to changes in 
changes in the school goals, and to changes in student motivation and parental 
attitudes toward education. An alternative hypothesis is then presented to explain 
possible causes for the declines in science achievement after 1963, as well as the 
failure of the educational reforms of the 1980s to restore science achievement to the 
1963 level. 
Trends in Sdence Achievement within the Context of Societal Influences 
The dramatic changes in the SAT after 1%3 can only be explained in relation 
to the equally dramatic changes in American society at this time. Figure 16 shows 
the SAT-M in a historical context. In the figure the SAT-M trend is superimposed 
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upon a background of societal forces that helped to alter school goals. The first 
agent of change was the National Defense Education Act (NDEA). 
m e  NDEA 
The NDEA reforms were passed in 1958, and 5 years later SAT-M scores 
reached their all time high of 502. Since the SAT test taking population was very 
stable between 1958, it is very likely that the increases in the SAT-M scores during 
this period were the result of the NDEA reforms (College Entrance Examination 
Boar& 1977). 
If the student population had remained stable after 1963, then based on the 
research on trends in teacher quality and the effectiveness of the innovative science 
curricula, the SAT-M scores should have continued to increase after 1963. If we 
assume a conservative increase in the SAT-M of only 5 points per decade, then the 
average SAT-M should have been approximately 515 in 1990, as opposed to the 
actual average of 491. 
l%Os: A Decade of Social Unrest 
Hawever, the student population did not remain stable in the decades 
following the integration of public schools. As Figure 16 shows, the integration of 
schools in the mid-l%0s coincided with declining SAT-M scores with the greatest 
declines occurring between 1%7 and 1972. The College Entrance Examination 
Board estimated that Black students accounted for only 1% of the SAT-M test-taking 
population in 1963. By 1972 the percentage of Black students taking the SAT had 
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increased to 8.5%. Prior to the integration of public schools in the mid-1960s9 Black 
participation in the SAT was extremely low. Since most colleges did not accept Black 
123 
students, there was little reason for Black students enrolled in Black high schools to 
take, or to be encouraged to take, the SATs. 
When public schools and colleges were integrated, the increased numbers of 
Black students taking the SAT exams lowered the average score (College Entrance 
Examination Board, 1977; also see Table 12). Referring to Figure 17, it can be seen 
that the SAT-M scores of Black students average approximately 100 points below that 
of White students. For this reason, increased numbers of Black students taking the 
SATs during the 1960s tended to lower the aggregate SAT-M average. 
Integration, however, was not the only demographic change during this period. 
Between 1960 and 1970, the total number of students taking the SATs increased 
dramatically, tripling between 1960 and 1970. There were two reasons for this 
increase. First, the growth of the state community college systems meant that a 
greater proportion of the enlarged student body would be applying to college and 
therefore taking the SAT tests. Second, the American economy was strong and there 
was an unprecedented emphasis on post-secondary education. Because a wider range 
of students began to take the test, the average SAT-M score declined. 
A third factor that contributed to the decline of the SAT-M during the 1960s 
was the increased percentages of females taldng the SAT. Since the average SAT-M 
score for females is approximately 45 points lower than for males (Figure 12), an 
F'@m 17. Racial/Ethnic Trends in the SAT-M: 19761990 
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increase in the percentage of females had the effect of lolwering the aggregate SAT- 
M average. 
A fourth factor that led to the declining test scores during the 19608 was a 
change in sdmaZ 
4 
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students who dropped out of high school. Whereas, in 1950 the drop out rate was 
42%, by 1970 the dropout rate had decreased to about 23% (Digest of ~ducah'oml 
Stahtics, 1%7; Dznpt of Educahn Stahn'cs, 1198). As a consequence of more 
students completing high school, a broader range of the student body took the SAT 
tests, which in turn lowered the aggregated scores. 
A fifth reason why the scores declined was the turmoil of period. The 
Vietnam War, school integration, the Civil Rights movement, the environmental 
movement, and various protests surrounding those movements all may have served 
to distract teachers and students from the teaching and learning of science. The 
societal emphasis on social issues and the concomitant educational preoccupation 
with individual feelings may have led to the affective study of the social sciences and 
humanities to the detriment of effective study of cognitively oriented sciences. 
The combined effects of a broader range of SAT-M test-takers, h e r d  
nmbers of Black and female students, and the political and social concerns and 
turmoil of the 19609 all conspired to lower the aggregate SAT-M scores. The Cdlege 
Board (1977) estimated that two-thirds to three-fourths of the drop in SAT-M scores 
between 1963 and 1970 was due to demographic changes. The remaining 25% of the 
SAT-M drop was probably due to the social and political upheavals of the 1960s. 
19708: The Bottom Falls out of the SAT-M Scores 
In 1972 integration of public schools was essentially complete. By this time 
8996 of Black students in the South and 98% of Black students in the North and 
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West attended integrated schools (Ravitch, 1983). Therefore, subsequent changes in 
the SAT averages could not readily be attn'buted to the effects of integration. 
Nevertheless, the SAT scores continued to decline, and at a more rapid pace 
(Figure 16). Part of the reason for this decline was due to new demographic trends. 
Beginning in 1971, there was an unprecedented drop in public school enrollment 
(Sta~ticalAbs~ac~ of the United States, 1990,Zhe Condition of Education, 1984). As 
the last members of the "baby boom" generation passed through the public schools, 
the numbers of White students and Black students began to decline. At the same 
time, Asian and Hispanic immigration to the United States increased. Consequently, 
the proportion of minority students enrolled in public schools rose from 24% in 1976 
to nearly 30% in 1984 (Condition of Education, 1987). The changing demographic 
composition of public schools between 1976 and 1986 is shown in Table 12. 
The increased proportion of minority enrollments in public schools was 
responsible for much of the decline in the aggregate SAT-M during the first half of 
the 1970s. As the table shows, most minority groups have a lmver average SAT-M 
score compared to aggregate score. For this reason, the statistical definition of the 
contributions of the various student groups to the declines of the SAT-M scores prior 
to 1976 cannot be determined since ethnic data were not collected on SAT test takers 
prior to this time. 
Although there is very little data on SAT data on student racidethnk 
breakdawns prior to 1976, it is possible to make one conclusion about the trend in 
the aggreeate scores between 1963 and 1976. The conclusion is that changing student 
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demopphics, not changes in the quality of teachers or curricula, were responsible 
for the bulk of the decline in the SAT-M scores. 
The racial and ethnic information provided by the College Board is valuable 
in evaluating the effects of differences in the trends of the various student groups. 
For example, between 1976 and 1978, SAT-M scores declined for Puerto Rican, 
Mexican-American, American Indian, White, and Asian-American students. 
TABLE 12 
RACIAUETHNIC ENROLLMENTS IN PUBLIC ELEMENTARY 
AND SECONDARY SCHOOLS: 1976,1W, 1986 
Enrollment in thousands 
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The only exception was the scoring patterns of Black students, which increased 
in 1977, but then fen back to the 1976 level in 1978. The fact that nearly every 
raciavethnic group experienced the decline strongly suggests that demographic 
changes could not account for all of these declines. The justification for this 
statement can be found in Table 12. As shown in the table, between 1976 and 1986 
enrollments were nearly unchanged for Black students (-2.2%) and American 
hdhn/Alaslran Native students (-3.3). The declines in enrollments of White students 
were much greater (-12.9%). At the other extreme, enrollments of Hispanic students 
increased by 45% and enrollments of hianPacific Islander students increased by 
116%. 
If the changes in student scores were principally due to changes in 
enrohents, then certainly the declines in the scores of Hispanic and Asian students: 
could be explained by increased immigration, since many immigrating studeats are 
temporarily disadvantaged because of language differences. Increased numbers of 
immigrants could explain the declines in these particular student groups between 1976 
and 1978. 
Black and Indian-American enrollments were stable, and White enrohents 
actually continued to decline between 1976 and 1978. Therefore some other factor 
must be the cause of the score declines for these student groups. 
The College Board (1977) recognized the global nature of the declines when 
it reported a 
. . .pewask score ddhe-in the sense that it s h d  up within 
virtually all categories of SAT takers. . .among students at the higher 
and those at the lower percentiles of their high school classes, among 
students in private and in public schools, among those in large and in 
small high schoob, among those taking 'academic' and those taking 
%arm' courses of study in high school, among test takers from high- 
and fiom low-income families, among men and women, among white 
students and from t h w  &om minority groups, among students 
expecting to go on to different kinds of colleges, among those intending 
to take postgraduate work and those looking only toward a 
baccalaureate. (p. 20) 
The global nature of the scores declines for nearly all student groups regardless of 
enrollment patterns suggests that some change in school goals might be related to the 
declining scores. 
The hypothesis that changes in school goals could be related to the declines 
in student achievement is further supported by two other research findings. First, the 
nearly universal declines in science achievement occw~ed at the same time as the 
educational funds born ESEA and the Bilingual Education Act were prcxiudng 
greater numbers of teachers and new specialized programs for disadvantaged 
students. Second, because of declining enrollments, the student-teacher ratio declined 
in the 19708 (D&est of Education S ~ a h t k ,  1980). These two educational changes 
should have helped to improve student achievement. Apparently, any benefits due 
to better student-teacher ratios, bilingual programs, and programs for disadvantaged 
students were outweighed by other changes in the school goals or in student 
characteristics, such as motivation, which was discussed previously in Chapter 5. 
By 1975 the t'Ba~k-to-Basics" movement was well under way. Schools had 
begun to offer fewer electives, emphasizing instead English9 social studies, science, 
and mathematics. Therefore, it was not unexpected that the SAT-M scores shouki 
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begin to rise among various student groups as early as 1978. The expectation wouM 
have been that the scores of White, Indian, and Black students should have risen the 
most, since the student populations for these groups were fairly stable. The scores 
of Black and American Indian students did increase as expected. The scores of 
White students, however, did not rise, and continued instead to decline. The 
declining SAT-M for White students suggested that some other characteristic of 
White students might be related to their score declines. 
Between 1976 and 1980, in spite of continued declines in enrollment of White 
students, scores for this student group declined by 9 points. In comparison, scores 
of both Black and Indian students, whose enrollments also declined, rose by 6 points. 
The uncharacteristic trend in the scores of White students is further illustrated by the 
fact that these declines exceeded those of Puerto R i m  students (-7 points) and 
equalled those of Asian students, whose enrollments were being enlarged by 
immigration. Furthermore, the scores of Mexican students rose 3 points during this 
same period. The rise in the Mexican scores suggests that the combination of 
different student characteristics and compensatory educational programs were able 
to cancel out the negative effects due to continued immigration. 
1980s. The Failares of the "Excellence" Reforms 
By 1978 a new trend became apparent as the SAT-M scores for nearly all 
student groups began to increase. In accordance with the time-lag hypothesis, the 
trend began three to 4 years after the onset of the "Back-to-Basics" mwement. 
There was, however, one exception to this trend. Scores for White students did not 
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begin to recover until 1983, nearly 5 years after all other minority group trends had 
The sharp rise in SAT-M scores between 1981 and 1985 most probably 
reflected the continued momentum of the tBack-to-Basics" reforms with the emphasis 
on core courses in science, mathematics, and reading. The continued improvement 
after this time may have also reflected the effects of the "Exce11ence" reforms 
spawned by the commission reports. This interpretation is based upon the fact that 
the average SAT-M scores increased for every student group during this period. 
Since the scores for all student groups increased, it is likely that the cause was due 
to a global change in the learning environment. 
The scores for Asian students, whose scores averages are the highest of any 
student groups and the scores for the other student groups whose scores were lower 
than for White students all irnprwed throughout the 1980s. For each of these 
student groups, their 1990 SAT-M average was higher than in 1976. This universal 
improvement again suggests that the learning environment had continued to improve. 
The scoring trend for White students during the 1980s was again distinctly 
different from the other student groups. The first difference was that after 1985, the 
average SAT-M scores of White students remained nearly unchanged, while the 
scores of all other student groups continued to increase. The second difference was 
that every student group, except White students, scored higher in 1990 than in 1976 
on the SAT-M. Black students, for example, raised their scores by 31 points and the 
scores of Mexican students increased by 20 points during this time. Not far behind, 




the scures of American 1ndim-Gd by 17 points. Though less dramatic, the 
scores of Asian students increased by 10 points, reaching 528, which is 26 points 
higher than the aggregate average in 1963. 
The net loss of 2 points in the SAT-M scores for White students between 1976 
and 1990 in the face of 14 years of educational reforms is evidence that some 
characteristics of this student group have changed in a way to negate the effects of 
better schools. The distinction between the trend for White students is even more 
apparent when one considers that the gains by the Hispanic and Asian students 
occurred during periods of large increases in the student populations of these groups 
due to immigration. If the scoring trends of White students between 1976 and 1990 
are compared against those of Black and Indian students, whose enrollments were 
fairly stable, the differences is dramatic. The gains by Blacks outpaced White 
students by 33 points; the gains by Indian students exceeded those of White students 
by 19 points. 
At the close of the decade, the Asian students had widened their lead over 
White students on the SAT-M; and every other minority group had closed the gap 
between their scores and those of White students. This trend again suggests that 
there was some difference in the characteristics of White students that have resisted 
the continuing effects of the education reforms. 
The NAEP trends are very similar to those of the SAT. Like the SAT, the 
NAEP trends revealed a pattern of decline in the 19708 follawed by a recovery in the 
I-. In addition, the NAEP results show that declines for both White and Black 
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students began prior to 1973. In a similar fashion, there was a decline in the 
achievement scores for White students between 1970 and 1986 for both 13- and 17- 
year-olds. In comparison, the scores of 13-year-old Black students improved by 7 
points wer the same period. The scores for 17-year-old Black students did decline, 
but only about one-third as much as for 17-year-old White students. 
The trends in the SAT-M and NAEP scores both show that the achievement 
all of the minority groups has improved significantly, while the achievement of White 
students is generally lower in 1990 than in the past. The scores of White students 
have not responded to the efforts of a decade and a half of educational reforms. 
Declines in Science Achievement: An Alternative Hypothesis 
Both the trends of the SAT-M and the NAEP tests support the hypothesis that 
some characteristic of the White student population has been immune to the effects 
of the educational reforms that have resulted in improved achievement for all other 
student groups. 
This assumption is also consistent with the changing goals of public schools 
since 1958, as descnkd in Chapter 5. The Civil Rights movement, the Vietnam War 
protests, and changes in the characteristics of students and their families all helped 
to alter whoa1 goals and to lower student motivation. As these influences reached 
into the schools, the primary concern with academic excellence was replaced by the 
view that each and every student needed to experience individual success. 
During the 1960s, the Neo-Thomist philosophy, which stressed reading, 
memorizatian, h M u d  competition for grades, the authority of the teacher, and 
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preparation of the most able students for cokge was rapidly replaced- Increasingly, 
educators embraced the philosophy of Carl Rogers, which stressed the individual and 
cooperation among pupils instead of competition (Rogers, 1969,1971,1983). In the 
Rogerian approach to education, the Neo-Thomist authoritarian teacher was replaced 
by a facilitator, and the curriculum no longer taught any truths with a capitai 'T." 
Tbe yardstick for the worth of any curriculum became its usehlness in relation to the 
needs of the students. The Rogerian saw the source of educational energy residing 
the child. The task for the Rogerian teacher was to tap this energy and to guide it, 
rather than forcing it to flaw in some prescribed direction established by the school 
or the teacher. 
The climate, of the 1960s was a fertile ground for the Rogerian educators. 
Many educators adopted AS.  Neill's philosophy that students know best what they 
need to learn and when they need to learn it. This Romantic "nobe1 savage'' belief 
that students were the best judges of what knowledge was of most worth became a 
major force in the American educational institutions during the late 19609. 
In prior years, the teacher was assumed to know best what the student needed. 
The primary purpose of school was to learn; and science, mathematics, history, ana 
lanpqe were deemed to have an intrinsic value without having to justify their utility 
to the individual. Student success was measured by the degree to which the material 
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wu maskfcd tu evidenced by test scores, and promotion or failure, as well as student 
self-worth, was determined on the basis of these scores. 
The Rogerian movement was in part a reaction to the weaknesses of the Neo- 
Thomist approach to education. Few educators advocate retwning to the strict 
discipline and faculty psychology practices of earlier times. One problem with the 
Rogerian philosophy, as adopted by schools in the United States during the 19609, 
was that it was mutated by societal forces during a period of traumatic social and 
political unrest. A second problem was that the Rogerian philosophical principles 
were often not clearly understood, and therefore incorrectly implemented, by 
classroom teachers. 
As it was initially envisioned, the Rogerian approach to education was not 
inconsistent with the goal of high academic achievement. The Rogerian educators 
simply planned to measure student achievement in terms of the individual student, 
rather than in terms of an absolute standard based upon mastery of content. 
When the nation became sensitized to any form of discrimination in response 
to the Civil Rights movement, the Rogerian emphasis on the individual student and 
group participation seemed particularly attractive. In the quest to achieve social 
equity, school practices that favored gifted students came to be viewed as elitist since 
often disadvantaged students were disproportionately excluded from such programs 
(Dixon, 1982; Smith, 1985; Howley, 1986, Metz, 1990). For this reason, much of the 
emphasis on courses of study that fostered scientific excellence was chonthued 
(LebB1anc & Vemer? 1981). The idea was that less able students would benefit from 
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being exposed to more capable students and that the more capable students would 
develop fewer fmlings of superiority. 
The Rogerim did introduce two very new goah for schools. The first was the 
idea that students needed to succeed and that student success was the responsiWty 
of school. The shifting of respomfiility from the parent and the student to the school 
system was in accord with the societal agenda to promote educational equity. The 
notion that students need to succeed led to two new educational practices: social 
promotion and grade inflation. Eventually, the concept of school responsibility for 
student success was expanded to the extent that student failure became unacceptable 
(Adler, 1983). In many school systems throughout the country, the failure of any 
student came to be viewed as the failure of the system and not the child. 
Social promotion was also related to the drive that began in the 1960s to 
reduce the dropout rate. One way to keep students from failing out of school or to 
quit because they were older than their peers and felt out of place was to pass them. 
Eventually, retention in the same grade level came to be viewed almost as a form of 
child abuse (Lange, personal communication, April, 1988). 
Social promotion, social achievement (grades based upon ability, rather than 
achievement), and the social dismption of the 1960s probably contriiuted to the 
grade inflation of the 1970s. During this time, when the SAT and NAEP scores were 
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~~g and the numbers of remedial college courses were increasing, high school 
grade point averages showed a steady rise. 
The College Board (1977) suggested that changes in school goals could be 
related to declines in the SAT-M scores. According to the report, 
Schools may have tried so hard to accommodate the special needs of 
new and unfmar students that these very students along with others 
have been ill served by not being held to demanding expectations of 
penfommm. The lowering of teaching sights is the wrong answer to 
whatever may have been the consequences of the expansion and 
extension of educational opportunity. (p. 47) 
The Board cited permissive school attitudes toward increased student absenteeism, 
social promotions, and grade inflation. The Board also mentioned reductions in the 
amount of required homework, the lowering of readability levels of textbooks, the 
lawering of college entrance standards, and the advent of remedial college courses, 
as evidence of lowered standards related to changes in educational goals. 
Even though the goals of social equity and dropout prevention were driving 
forces, they were not the only factors that led to the alteration of school goals. The 
events of the 19608, which were dewn'bed in Chapter 6, caused educators to begin 
to lose much of their authority to control academic standards. The loss was further 
exacerbated because the Rogerian movement had conferred much of the authority 
for what a student learns onto the student and thereby to the parent, while the 
snchools, in turn, became responsible for ensuring that the students were successful. 
Since parents now had a legitimate role in evaluating the curricula and setting 
academic standards, the authority of educators to set academic standards was 
. *  duIllrtlshed @st, 19$4b). This transformation of school goal shifted the 
regpons%%ty for student success from students and parents to teachers, and the 
contra1 aver the curricula was shifted from the teacher to students and parents. 
When educators lost the power to set absolute standards by which student 
mastery was measured, it became possible for students and parents to dictate the 
standards. As Kirst pointed out, increasingly instruction had become directed not by 
the teachers, but by community pressures. As the characteristics of the students and 
the families changed in recent decades, the stage was set for a conflict between the 
goals of educators and the goals of the public. Because much of the authority to set 
standards had been taken from schools, they were ill equipped to resist these societal 
pressures. Chubb (1988) studied the relationship between school autonomy in 
determining academic matters and student achievement. He found that students in 
autonomous schools learned at least more than students in comparable schools 
controlled by politicians and administrators in a central office. 
Still another factor that contniuted to diminished emphasis on academic 
standards was the expansion of school goals to pravide s e ~ c e s  that in the past had 
been the responsibility of the family and the community. According to David Tyack 
(cited in Kirst, 1984) schools now provide 
lunches, dental and medical inspections, nursing care, physical 
educatian, health classes, playgrounds and meation, ~ c h l o o ~  
counseling and mntal health facilities, student government and 
extracurricular activities. . . vocational courses and vocational guidzme. 
Dozens of new positions appeared as a result of this specialization and 
errtension of functions: teachers of driver education, home mnomiq 
or sheet metal work; coumeIon, c ~ c u 1 u m  or disciplinary vice- 
principals; school social workers; dieticians and lunchroom workers; 
mxps; social activity directors and many others. (p. 49) 
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Mortimer Adler (1982) called for a narrowing of school go&. Adler proposed 
Paideia schools--schools with "general, nonspecialized schooling" in which tracking, 
electives, and vocational training were eliminated. Paideia schools would stress the 
classics and would teach students the "skills of learning!' 
The ever widening scope of schml goals and the rapid shifts in these goals in 
response to changing societal conditions sewed to lessen the focus on science a 
achievement. Each of these factors-suddenly widening and rapidly shifting school 
goals, and changing characteristics of students and the American family--contn'buted 
to the reduction in the ability of teachers to control the educational process. 
Changes in student motivation were cited by the College Board (1977) and the 
National Assessment of Educational Progress (1988) as possible causes for the 
declines in science achievement. Further evidence was cited by Rock et aL (1985) 
who reported that increased percentages of students were enrolling in general rather 
than academic p r o g m  of study. 
The results of the National Assessment of Educational Progress (1988) study 
also indicated that the amount of laboratory work, the types of classroom activities, 
and the extent of parental involvement in school affairs appeared to be much less 
Muential determining science achievement than was the level of student motivation. 
Differences in student levels of motivation may also account for the 
discrepancies between the SAT-M trends for the various student ethnic and racial 
group that were discussed earlier in this chapter. For example, the weakening of 
motivation on the part of White students during the 1970s and 1980s can be related 
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to lower achievement since the responsibility for determining achievement levels had 
been shifted earn the teacher to students. In this regard, Rock et al. (1985) reported 
that the largest declines in student achievement between 1972 and 1980 were for 
middle class, sociakconomic status White students. 
At the other end of the motivational spectrum, Asian students tend to be more 
highly motivated because of strong farmly values that set high achievement standards. 
The continued improvement of Asian students suggests that the cumculum and the 
teachers have not been impediments to improved achievement for this student group. 
The hypothesis that changes in student motivation are linked to the declines 
in student achievement can also account for the trends in the achievement scores of 
the other minority student groups. One of the effects of ESEA and the Bilingual 
Education Act was to implement programs to improve the motivational level and 
study skills of disadvantaged students since these skills were often not taught within 
their family environments. Because of the realization of past social injustices to 
African Amerims, programs to overcome social handicaps were especially targeted 
at Black students. Another reason why Black students may have shown increased 
motivational levels in recent years is that the opportunities for Black graduates in 
both work and college opportunities are so great (National Science Board, 1989)). 
The large gains by Black students fit very well with this model. 
The model of stuaent achievement presented in Chapter 3 involved the 
teacher, the student, and the curricula, and school goals in the learning process. 
What the model failed to include was the fact that each of these factors in tm are 
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influenced by, and to a large extent are the products of, the context of American 
mckty in which they exist. The model shown in Figwe 18 includes these external 
influences on the school learning environment. Kirst ( l W a )  said, "The American 
people control the system of education in the United States and they get what they 
want!' (pa 11) 
Figure 18. A Model of Some Major Influences on Student Achievement in 
Science 
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academnie standarcis. The research does not support the hypothesis that changes in 
teachers or curricula were related to the declines in student achievement. 
This hypothesis leads to proposed educational solutions that are very different 
from those proposed by the recent commissions and being implemented by state and 
local school districts. In the last chapter, implications of this model are discussed and 
some recommendations for educational reforms that could be expected to imprwe 
student achievement are proposed. 
CHAPTER 8 
IMPLICATIONS AND RECOMMENDATIONS FOR PUBLIC 
SCHOOLS 
If we assume that the declines in science achievement are related to changes 
in student motivation, school goals, and school autonomy; then many of the proposed 
educational reforms are unlikely to result in higher student science achievement. 
Educational Ref~rms--Predicting W i ~ e r s  and Losers 
The findings of this research report suggest that three classes of educational 
reforms are likely to result in impraved student achievement in science. The first 
class invokes reforms that raise student motivation. The second class includes 
reforms that shift school goals in favor of more rigorous achievement standards. The 
third c l a ~  encompts  r e f o m  that increase school autonomy in the area of setting 
s t m d t r r h  of achievement. 
The findings also suggest that other reforms should have much smaller positive 
effects or even negative effects on student achievement. Specifically, reforms aimed 
at improving teachers or curricula should have much smaller positive effects on 
student achievement. On the negative side, reforms that reduce school autonomy, 
as well as reforms that conflict with school goals that promote student achievement, 
should have a strong mgative influence on student science achievement. 
In this next section, the above criteria are used to predict the expected 
eBhea4:ss of some recent educational reforms on student achievement. 
Teacher Quality 
Most of the states followed the recommendations of the commission reports 
in raising teacher salaries and many instituted merit pay. Nevertheless, higher 
salaries, career ladders, teacher recognition, mentor teachers, and teaching 
fellowships, although needed to attract and retain qualified teachers, shouM not result 
in improved student achievement. As has been shown in Chapter 5, impraved teacher 
quality during the 19'70s and 1980s was not able to compensate for the negative 
effects of other influence on student science achievement. 
A second teacher reform that has been implemented in many states is teacher 
competency testing. Competency testing also should not have a large effect in raking 
student achievement. Since teacher quality has not been the cause of the recent 
declines in achievement, teacher testing should have little impact on achievement. 
Although further imprcwing already competent teachers should not result in 
significant gains in student achievement, declines in teacher quality should result in 
significantly lawer overall student achievement. The reason for this seeming 
inwnsistency is that even highly motivated students could not maintain high levels of 
achievement if they did not have access to the information, which is pravided by 
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qualified teachers. Therefore, the reforms aimed at maintaining or improving teacher 
quality are essential to prevent further sharp declines in student achievement. 
One teacher reform that should result in improved student achievement is 
performance-based pay. If teacher salaries are tied to student achievement, then 
teachers will be encouraged to raise standards for student achievement. An 
interesting point about this reform is that the increases in student achievement will 
result not beau% of better teaching, but because higher standards are required. 
Schools could achieve the same effect without having to institute "merit pay" by 
simply establishing and enforcing school goals that demand higher achievement. 
A second reform that should be expected to raise student achievement is 
teacher empowerment. If teachers were given the authority to set school standards 
for achiewement and these s-ds were then supported by the administration and 
the school board, then dramatic improvements in student achievement could result. 
This particular refam huwcver, has not been widely implemented in schools, and 
teachers continue to be excluded from involvement in deciding policies for promotion 
and retention. Ernest Bqer, President of the Carnegie Foundation, in the foreword 
to the Cantegie Foundation report, ntC Condhn of Education (1990) said, 
. . .when it comes to crucial d d b n  makin& teachers are often left 
out. While the majority do participate in such matters as choosing 
textboob, they are not signifkat introlvcd in setting student promotion 
and retendm pskb~ at their schod I furd it espciaq disturbing that 
te&m report a sharp decline in the control they feel they have wer 
their pmfmsM liver. @.v) 
Cudcmh Rebrme, 
The same reasoning that applied to the effectiveness of teacher reforms in 
impraving student science achievement applies to cumcular reforms. Proposals to 
completely restructure the curricula in a neo-NDEA fashion should not result in 
higher student achievement. Sirriilarly, programs to develop cumcula to promote 
higher-order thinlring skills have to date not demonstrated their effectiveness in the 
NAEP tests (Mullis & Jenkins, 1988). In the same way, proposals to integrate the 
curricula, to provide for more science laboratory activities, and to downplay teacher 
lectures in favor of other instructional strategies, should be expected to have little 
effect on student science achievement. The reason for this departure from the 
NDEA soIutisn for poor science achievement is that the source of the problems are 
Merent. The causes of the Sputnik educational crisis were the science curricula and 
poorly trained science teachers. The cause of the current crisis, however, is not the 
c e u m  or teachers. 'On the contrary, each of these two factors have blunted an 
otherwise even steeper drop in student achievement in science. 
As was true with teachers, the inverse of this argument is not valid. Any 
r e f o w  &at c&mm the curricula @ty to decline should result in h e r  student 
ac-mnt became shxlcntse will ROf have access to essential information. 
Therefore, although recent curricula reforms cannot be expected to improve student 
achievement s i m t l y ,  these re fom are essential to maintain the quality of the 
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tea, which in turn will help to prevent further sharp declines in student 
achievement. 
One curricular reform that should result in higher student science 
achievement, hawever, is the move to strengthen science textbooks. Because teachers 
rely to a great extent on the textbook, textbook quality has a great effect on the 
information that the student receives. 
Much has been written about the "dumbing down" of textbooks that occurred 
during the 19708 (DeSihra, 1985). Although textbooks have been upgraded somewhat 
during the 1980s, it is very difficult for a science publisher to sell a high-quality, 
rigorous textbook. For example, many adoption states set requirements that dictate 
low readability levels for textbooks. State adoption committees, religious groups, 
feminist organizations, and raciayethnic groups exert a strong censoring effect on 
textbooks. Also, the various special-interest groups often pressure such committees 
to exclude any content that these groups find offensive. 
Because adoption states represent a sizable guaranteed income for publiphers 
whose texts are adopted, these various forces can exert a great deal of pressure on 
publishers. Therefore, the likelihood of textbooks improving significantly in the next 
few years depends to a large extent on the societal factors that determine the thrust 
of the various state adoption committees. 
Dropout Prevention 
Can schools &ve10p policies to keep at-risk students £torn dropping out and 
at the same time improve -&nt achievement in science? There is not conceptual 
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incongruity with these two educational goals. The seeming incompatibility has 
developed at the level of s c h d  objectives, which are the tr8fl~Iatim of school goals 
Any of the dropout policies that lower academic requirements as a means to 
lower the dropout rate are incompatl%le with goals for higher science achievement. 
However, the conflict is at the policy level. By allowing students to pass courses and 
to proceed to the next grade without having mastered the material, schools send a 
clear message that high standards are not necessary to succeed. Furthermore, this 
policy communicates to the other students that minimal efforts are adequate to 
succeed. 
It would seem that it is possible to develop programs that can help keep at- 
risk students in school without lowering standards. Such programs would help to 
develop student motivation and to provide remedial training in fun-ntd skills of 
reading, writing, and mathematics. This approach is expensive, requiring remedial 
teachers in a variety of subjects. The approach is also time-cornurnin& requiring 
remedial teachers to coordinate with classroom teachers. The alternative of simply 
keeping students from dropping out does little to provide them with the essential 
sldlls needed to succeed in tomo~OW"s world. 
Graduation Requirements 
Those reforms that raise student achievement levels required to get passing 
grades, to be promoted, or to graduate should result in higher student achievement. 
m f m 6  tbe m* 
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should result in higher student achievement. Similarly, athletic or extracumcular 
policies that demand higher student achievement will also result in higher student 
achievement. 
A problem that schools have encountered in trying to implement such policies 
is that they conflict with other policies to reduce the number of dropouts and to 
establish raciayethnic equity in achievement. The policy of social promotion, 
although it may keep students from dropping out of school, is contrary to efforts to 
improve academic achievement. As long as promotion is not contingent upon 
successNly meeting a certain level of mastery of the subject matter, schools will be 
hard pressed to enforce the tougher graduation requirements. What will happen 
instead is that the course standards will continue to be lowered so that nearly all 
students can pass regardless of effort or achievement. 
In much the same way, reforms that require student competency testing should 
lead to higher student qchievement, if the passing scores indicate a meaningful level 
of achievement. By the end of 1988, 40 states had initiated minimum competency 
testing (Digest of Education Statistics, 1989 [p. 145]), and 19 states required students 
to pass a competency test to graduate from high school (Education Indicators, 1989 
b.69 
It would appear from the results of the recent science achievement tests that 
student competency testing has not been all that successful in improving student 
achievement. For competency testing to have meaning, passing scores must be linked 
to satisfmorg m~sterp of the curricula. On the other hand, if the passing scores are 
150 
set tm law (e.g., minhnum competency tats), or if the test material is w, basic that 
all students can pass, then competency testing will not have a very positive effect on 
student science. 
One of the road blocks facing reform efforts that involve student testing is that 
the testing fails larger proportions of minority students compared to the overall 
student population. Therefore, the testing is often attacked as being in conflict with 
school goals to promote social equity and to prevent students &om dropping out. For 
example, in 1989 the State of Florida raised the passing score its College Level 
Academic Skills Test (CLAST) test, which is required to graduate from junior 
colleges and to enter upper level courses at the state universities. As a result fewer 
students passed the test. The percentage of White students passing the test dropped 
from 88% to 75%. The percentage of Blacks passing dropped from 56% to 42%; 
and the percentage of Hispanics passing dropped from 67% to 42%. 
The new standards were immediately challenged. The NAACP charged that 
the tests were unfair and arbitrary for minority students, based upon the fact that 
they had lower passing rate than White students (Oliver, 1990). The NAACP 
response to the CLAST demonstrates the degree to which setting standards has been 
removed from the realm of education. 
The College Board's SAT has been attacked on similar grounds. As a College 
Board staff member said to this author, "It is a little like shooting the messenger who 
brings the mplemt news!' Nevertheless, the SAT has developed a modified test 
that b scbmtdd to rep- the traditianel SAT test within the next few yean. And 
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yet, even before the test has been unveiled, different groups have challenged the 
College Board's intention to include a writing section as being unfair to minority 
PamataI Involvement 
Virtual@ all of the recent educational reform reports call for greater 
involvement of parents in the education process. According to the Gallup Poll 
(lW), a majority of the general public believes that parents should have more 
control wer  the allocation of school funds and over the cumculum. More than 40% 
of the respondents believed that parents should also have a greater say in the 
selection and hiring of teachers and administrators, as well as a greater voice in the 
selection of books and instructional materials. Can we expect that parental control 
aver funding, hiring of teachers, and cumcula to improve student achievement? 
Probably not. Such involvement is more likely to have a very strong negative effect 
on student achievement. The reason why this type of parental involvement could 
have a negative influence is that it can serve to fwther weaken school autonomy in 
setting academic standards. 
On the other hand, parental involvement can improve science achievement if 
the involvement involves supporting school goals, working with students to improve 
student motivation, or working to alter school goals in the direction of higher 
standards of achievement. 
One example of parental involvement that should lead to declines in student 
achievement is found in the Chicago school system. This plan, begun in the fall of 
1988, was a response to the charge that the school bureaucracy was responsible for 
the edwxtio11al ills of the Chicago schools. It was felt that by turning control of the 
shookt wer to parent councils9 it might be possible to lower the city's 41% dropout 
rate and to raise SAT scores (Ti& 1990). 
The plan called for school decentralization that transferred control of its 541 
schools &om the Board of Education to locally elected councils. Each council was 
composed of six parents, two community representatives, two teachers, and an ex 
offido member, the school principal. The councils were empowered to hire and fire 
principals, to approve budgets, and to develop plans to improve student performance 
1990). 
Because the Chicago plan shifts control of the learning climate farther away 
from teachers and becaw the plan also places additional limitations on the ability 
of educators to control standards of achievement, this reform plan shouki have a 
serious negative effect on student science achievement. 
School accountability should have some slight positive effect on student 
achievement. The effect should only be slight because making schools amunbbIc 
for student achievement without giving them autonomy needed to enforce high 
ac&mic strndwa cannot be very effective. One way that schools might 
accommodate these requirements is to teach to the competency tests. In a number 
of whwl systems, teacher and principals have already been accused of altering 
student tat ammmm or changing student scores. School accountability can have a 
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vesy positive effect on achievement, but only if it is accompmkd by hereased 
autonomy in the area of academic standards. 
Schools d Choice 
Schools of choice allow parents and students to decide which school the 
students will attend. Referring to such schools, President Reagan said, "Choice works 
and it works with a vengeance" (Paulu, 1989). (p. 1) According to Paulu, schools of 
choice can 
1. Change the structure of public education 
2. Recognize individuality 
3. Foster competition and accountability 
4. Improve educational outcomes 
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Schools of choice should raise student achievement, but not for the reasons 
listed above. To suggest that public education does not recognize individuality or that 
public schools do not try to keep potential dropouts in school is to ignore three 
6 
decades of educational reforms and programs aimed at the individual student and the 
at-&& student. 
What schools of choice do offer are (a) greater autonomy for the school and 
(b) greater incentives for improved student motivation. The very fact that a student 
ch-B a school makes the school special to that student, which gives the student a 
greater incentive to stay in ~ h w l .  Similarly, if the student does not meet the school 
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requirements then the ability of the school to remove that student from its r o b  
provides the school with the autonomy needed to maintain academic goals and 
standards. 
The success of Catholic schools and other private schools in outperforming 
public schools is due in part to the element of choice on the part of the student and 
the schml. In such schools, the student knows that if he or she does not pass, he or 
she can fail out of the school. 
The importance of choice, school autonomy, and high standards in raising 
student achievement are also demonstrated by the recent successes of Black students 
majoring in science and mathematics at Xavier University. Xavier, which is in New 
Orleans, only requires a combined mathematics/kerbal score of 700 on the SATS. 
Yet, according to Toch (1990), 47% of Xavier studentt'graduate with aience and 
mathematics degrees, compared to the national average which is 7%. Furthermore, 
in recent years 20% of Xavier graduates were accepted in medical or dental schools. 
What is the secret of this small college with 2,058 undergraduate students, 
92% of which are Black? The school is not highly endowed, the science laboratories 
are not filled with high-priced, high-tech equipment. What the school does have is 
a well established program to motivate students-a program that begins in grade 11 
with special summer amps. Also the school sets high standards of achievement that 
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must be met. According to Toch (1990), 25% of the freshmen class drops out and 
another 25% of the students take 5 yean to graduate. 
It would seem that schools of choice can be very successful. On the other 
hand, traditional public schools could achieve similar successes if their previous 
autonomy and commitment to student achievement were restored. 
Year-1"o~nd Sch001s 
Another educational reform that should only have very small effects on 
achievement is increased school time. Longer school days or a longer school year, 
or both, will only keep students in school longer. Weiss (1985) is comrinced that a 
longer school daybear will not itself increase student achievement. Instead, she 
maintains that: 
Stu4ent cultures are rather, semi-autonomous and, as such, cannot be 
controlled easily or directly. They arise in relation to structural 
conditions in the larger solciety'and the way in which these conditim 
are mediated by both the experience of schooling and the lived 
experiences of youth in their o m  communities. None of the proposals 
for reform address these issues. (pp. 218-219) 
Students now spend more time in school that at any other time m our nation's 
history. The amount time spent learning is not the problem. Simply keeping low 
motivated students in school will most likely have little effect on student achievement. 
It would be equally beneficial and much less expensive to simply have students learn 
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more in kos time. A p q  this can be awmp3isM by increasing student mothtion 
d higher achievement levels. 
Some of the proposed educational reforms have suggested forging ties between 
businesses and public schools. Such partnership might involve administrative training 
of school personnel. The partnerships could also be used to provide speakers, 
counselors, and advisory councils for schools, as well as summer jobs for students. 
Corporate partnerships should raise student achievement, if the reforms 
concentrate on raising student motivation. Although as schools have already found 
out, it is not that easy to change student attitudes and characteristics. The level of 
success of such partnerships will depend upon the extent to which they improve 
student motivation and raise student achievement. 
Summary and Conclusions 
Teachers today know better how to teach than their predecessors three 
decades ago. Today's schools are modern marvels with closed circuit television 
stations, computer laboratories, and sophisticated science laboratories. And yet, by 
nearly every measure, American public schools are no longer as effective in teaching 
science as they were in the past. Three decades of educational innovation have not 
been able to restore science achievement to 1960s levels. 
A large part of the reason that schools have been unable to raise science 
achievement sipficantly is that public education has been faced with a seeming 
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paradox. On one hand schools have been charged with lowering student dropout 
rates and emuring that all students succeed. On the other hand, schools are told that 
they must produce the best science students in the world. 
Because of these disparate goals, there has been little agreement as to the 
appropriate educational solutions to the current crisis in science education. Part of 
the reason, for the lack of agreement is the fusion of the question of the equity with 
the issue of high achievement. Charges that high academic standards and 
competency tests unfairly discriminate against minority students have made educators 
and legislators extremely reluctant to engage in practices that could be viewed as 
racist. Bates (1990) maintains that any school policy or practice that results in 
racially identifiable outcomes is "second-generation segregation." According to Bates, 
the suspension rate for Black students, which is three times greater than for White 
students, suggests a form of discrimination. He also cites lower proportions of Black 
students in gifted programs and college-preparatory programs, and honor societies, 
and higher proportions of Black students in special education courses, as evidence of 
continued discrimination. 
It can just as easily be argued that the present policy of benign neglect, which 
promotes students regardless of their academic merit, discriminates against all 
students. Low standards of achievement rob students of their right to reach their 
potential; to strive for high academic goals. And such a policy deprives the nation 
of the scientist, technicians, and scientifically literate populace that it so sorely needs 
:3 -i**&prfi . cs 
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to compete b%e %&ld and to maintain our standard of M g  and the 
The si~i1ution to the science crisis needs to address how to change school goah 
in a way that promotes science achievement, while helping all students to reach their 
maximum potential. We as a nation have tried all of the traditional solutions--stricter 
standards, more core courses, additional science and mathematics courses, 
competency testing, renewed emphasis on teaching higher order thinking skills, and 
a longer school dayEyear--and so far they have failed. 
The art of teaching and the process of learning are well understood. If the 
\ 
sole goal of public education was simply to raise science achievement, the educational 
solutions would be simple. The formula for high levels of science achievement are 
well known. The ingredients are neither exotic nor mysterious, they are fairly simple 
and straight forward--good teachers, strong curricula, high standards for academic 
succew and motivated learners. Provide such a learning climate, and student science 
achievement will soar. 
The problem facing schools is to raise science achievement without 
discriminating against at-risk students, many of whom are minority students. Any 
educational solution, in order to be effective, must address each of these probkms. 
In order for schools to solve these problems, schools must first re-examine what are 
the goals of public schools. What do we want from our schools--academic excelle~l~e, 
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vocta- education, patrioti9m, sex and health education, cumputer trahiq, 
edo-ntal awareness, critical thinking, character development? 
We must recognize that schools in the 1990s are operating under an entirely 
different societal background that is unlike any other in our nation's history. 
Whereas during the first 50 years of this century, the principal concerns of teachers 
included gum chewing, talking, and thrawing paper; teacher concerns of the 1980s 
included rape, robbery, assault, and murder (Metropolitan Life Insurance Company, 
The little red school house has been replaced by large urban schools replete 
with armed guards, locked doors, and metal detectors to stem school violence. In 
1990 the New York City School Chancellor, Joseph A. Fernandez backed the concept 
of police patrolled student only subway cars to protect students from escalating 
violence and in 1989,784 children younger than 15 were arrested for assault (Berger, 
1990). Apparently, the majority of Americans realize that schools are not all to 
blame for the declines in science achievement. In the 1990 Gallup Poll (Elman, 
1990), for example, 73% of the public placed the blame on societal problems rather 
than on school performance. 
Schools have not sohred the racial, poverty, equity, or pollution problems; nor 
are schools fulfilling their academic mission. The first step in trying to reform schools 
is to redefine school goals. In 1893, the Committee of Ten, advocated the study of 
science, mathematics, history, and English, and foreign languages by all secondary 
school students. Yet, 25 years later the authors of the Cardinal Principles 
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r t - e d  m n  standards by which curriculum should be judged: health, 
fundamental prucesses, home memkpship, vacation, citizenship, leisure, ethics. 
These shifts in the direction of public education were so important that these events 
appear in nearly every history of education textbook. 
By comparison the recent shifts in educational goals have become so frequent 
that before a new goal has time to become firmly established it is replaced by a new, 
often contradictory one. It is little wonder that teachers feel lost and not in control 
of their professional lives. Education is the only profession where the clients set the 
goals and the standards. 
In regard to public education, Americans are ahistorical. Because Americans 
do not have a clear notion of the purpose of public education, in recent decades the 
direction of schooling has been changed abruptly in response to each new societal 
problem. The arguments concerning the purpose of public education have bten 
circular, rather than linear. For example, the current espousement for critical thinking 
(Stemberg & Baron, 1985; Stemberg 1987; Stembrg & Martin, 1988) is in reality 
an echo of the same call by earlier educators such as Arthur Bestor (1955) who 
argued that the purpose of schools is to teach students how to think. 
Perhaps, a voucher system that allows students to opt to attend any school, 
public or private, is the near-term solution to the science crisis. It seems unlikely 
given the current political and social climate that schools will be allowed to take the 
steps needed to raise achievement. The public are not willing to abdicate some of 
their control over schools. The only hope at this time for public education in the 
United States may to entrust our young to private schools or schools of choice until 
public school system will again be empowered to make itself fit. 
as of American "%, people have made similar adjustments for the 
common good. For example, people have accepted airport searches, police 
roadblocks, and restrictions on the right to bear arms. Each of these adjustments 
were made in response to serious social threats, namely terrorist highjackings, drunk 
drivers, and rising crime rates and political assassinations. 
Perhaps, when the public recognizes the seriousness of the current educational 
crisis, they will be willing to accept changes needed to restore science excellence to 
previous levels. The Roman historian, Livy, in his preface to 77w Hbtory of Rome, 
said, "...profecta ab exiguis initiis, crevrit eo ut jam laboret sua magnitudinel. This 
quote, which referred to the declining state of the Roman empire, might equally 
apply to the present state of public education in the United States. 
Further Research 
The research examined the science achievement of public school students at 
the secondary level. Future research might investigate trends in science achievement 
at the elementary, middle, or postsecondary levels. Additional research might 
examine changes in science achievement of students in private schools. Finally, 
further research may wish to consider whether the trends in science achievement hold 
for other subjects or for student achievement in general. 
'having set out from small beginnings, it has increased to 
such an extent that it is now distressed by its own bulk 
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